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Introduction ° 


During recent years reports have 
accumulated on the unilateral multi- 
cystic kidney (Ravitch & Sanford 1949, 
Spence 1955, Hooper 1958). Most of the 


reports have been based on only single 


or very few cases. The most recent 
only comprises some thirty 
cases (Coppridge & Ratliff 1958). Re- 
cently, mentions have been found in 


revieW 


the literature suggesting greater fre- 
quency of this kind of cystic disorder 
1957, 


(Grob Lipton & Scordamaglia 


? 


1957, Longino & Martin 1958, Hooper). 

On the other hand, apparently similar 

lesions have been reported under 

, various headings (Trillat, Guilleminet 
& Boulez 1957, Abeshouse 1956, Hennig 
1954, Kempf 1956, Herezec, Rutkai & 
Deak 1956), especially under multi- 
locular cystic kidney (Lauret 1956, 
Powell, Shackman & Johnson 1951). 
Hence, great confusion seems to exist 
on the nature of the lesion. 
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Qur material consists of 19 cases of 
multicystic dysplasia of the kidney 
found at the Pediatric Department of 
the University Central Hospital during 


‘the years 1947-1958. The ages of our 


patients varied from 1 hour to 1 year 
§ months. The diagnosis was verified 
operatively in 6 cases, in 2 of which @ 
later autopsy was performed. In the 
others the diagnosis was not made until 
at autopsy. Inall but 2 of the autopsied 


* cases, microscopic examination of the 


(iseased organ was made. As far as we 


know, such a large material has pot_ 


© 


© 


been reported previously. Further; 
data assembled by postmortem studies 
in infants and children are of far greater 
accuracy and statistical value than in 
adults. In adults it is rarely possible to 
be certain if the lesion was acquired or 
congenital» (Campbell 1954). We there- 
fore consider the report of the cases” 


justified. Further, we should like to 


discuss the etiology, the suggested 
name and definition of congenital multi- 
cystic dysplasia of the kidney, and 
suggest our basis of classification of 


congenital cystic kidney dysplasias. 
aL C! y @ 


Preliminary 


By congenital multicystic dysplasia 
of the kidney we mean a macroscopically 
cystic deformity of the kidney similar 
to that described e.g. by Schwartz 1936, 
Ravitch & Sanford, Spence and Spence, 
& Ware 1957. The deformed 


kidney is composed of cysts varying in 


Baird 


size and number, which give to the 
organ the appearance of a bunch of 
grapes. The cysts are held together by 
connective tissue. Macroscopically very 
little, if any, normal renal parenchyma 
is seen. The disorder is said to be uni- 


g is 


Definition ° 


lateral, but bilateral cases have been 
reported (Longino & Martin, Hooper, - 
Microscopically isfands of normal renal 
parenchyma may be visible, but as a 
rule, these are minute. [he stroma 
between the cysts 1s composed mainly 
of primitive connective tissue, in which 
various dysplastic structures are em- 
bedded (Williams 1958). Bilateral! 
multicystic have a_ similar 
microscopic structure to unilateral ones 
(Hooper). 


kidneys 


ney vas available. There was congestion 
and hemorrhages in the left, contralateral 
kidney but otherwise the structure was 
nordic. 


case 4. O.A., a boy (No. 3842/52) who was 
sent to hospital when newborn for cyanosis 
and difficulty in swallowing. There was a 
systolic murmur in the hearts heard para- 
sternally on the left. The plain abdominal 
roentgenograms were normal. Thorax X-ray: 
Th I was a semi-vertebra, the heart patho- 
logically dilated and its apex considerably 
elevated from the diaphragm. Films with 
contrast meal revealed an atretic esophagus. 
The patient died in a couple of hours with 
pronounced cyanotic symptoms. 

Autopsy showed transposition of the aorta 
and the pulmonary artery and an infundib- 
ular and valvular pulmonary stenosis. 
There was an extensive defect in the inter- 
ventricular wall. The right ventricle was 
hypertrophic. The esophagus was atretic 
and ended in a cul-de-sac above the bifurca- 
tion. There was a fistula from the right main 
bronchus to the lowers segment. The left 
kidney was normal, the right one was 
situated on the margin of the minor pelvis 
and reminded a bunch of grapes formed by 
cysts. Grossly, no renal tissue was observed. 
The genitals were normal. 

Microscopice examination of the kidneys: 
The sampies showed a few normally organ- 
ised areas of renal tissue in which the, 
proximal tubuli were large and cystic with 
cuboidally flattened epithelium. The struc- 
ture of the glomeruli was otherwise normal 
lor the age except that Bowman’s capsules 
were cystic in many places. A part of the 
glomeruli had been* destroyed ,and gave a 
hyalinised appearance. A large cystic portion 
was attached to this tissue clearly recog- 
hisable as kidney. The cysts ,were , lined 
with endothelium-like or shallow cuboid 
epithelium. Their walls.consisted of con- 
fective tissue with muscular strands dis- 
persed throughout it. The connective tissue 
Was generally dense but ?n places undiffer- 
en'' ited and primitive and enveloping the 
priuitive tubulie concentrically. The epi- 
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thelium of these tubuli was ciliated and 
cylindrical. There were rudimentary glo- 
meruli in the walls of the large cysts. No 
connection was established by nephron 
dissection between these glomeruli and the 
cysts; the nephrons ended in a cul-de-sac. 
No urothelium proper was visible. There 
was also testicular tissue with infantile 
seminiferous tubuli in the area of the sample. 
The left kidney was normal microscopically. 


Case 5. V.A., a girl (No. 3923/53), was the 
fourth child of the family. She was sent to 
hospital at the age.of 1 month for tumour 
palpated on the left side of the abdomen. 
Her general condition had been good and 
she was asymptomatic. A fist-sized tumour 
was palpable in the left upper quadrant 
of the abdomen. Urine withdrawn by cathe- 
ter showed some leucocytes and numerous 
Gram-negative rods; ndn-protein nitrogen 
was normal. Plain roentgenograms of the 
abdomen revealed on the left an extensive 
tumour which filled the left half of the 
abdominal cavity and pushed the bowels 
towards the median line. Excretory uro- 
graphy revealed excretion from the right 
kidney oniy. 

Extirpation of the tumour was performed 
when the patient was 5 weeks old. The 
multicystic tumour located retroperitoneally 


on the left was eradicated: the renal blood . 


vessels and ureter passed it anteriorly. The 
latter was cut from below. Postoperatively 
recovery was uneventful. Her condition 4! 
vears after operation was still good. ° . 
Microscapic éxamination of the tumour: 

Normally organised rena! tissue was seen 
between the large cysts. The glomeruli were of 
fetal type. Bowman’s capsules were covered 
with cuboidal epithelium. The glomeruli were 
avascular, some of them were hyalinised. The 
proximal tubuli’ were dilated and their epi- 
thelium shallow, cuboid. They showed colloid 
structures. Several large cystic cavities 
were covered withe urothelium. The ‘wall 
consisted of connective tissue =which 
displayed dispersed smooth muscular fibres 

One larger cyst was lined with a single-e 
layered flat epithelium. In the intereystic 
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Case 1. S.R., a boy (No. 1892/47) of 7 
months, who was taken to hospital for 
treatment of his diarrhea. His general con- 
dition was poor, stools were loose, mucous 
and bloodstained. He vomited blood. The 
pharynx was inflamed. The testicles were 
in the scrotum. The child died immediately 
after admission. : 
At autopsy, gastroenteritis was established 
as the cause of death and a cloudy swelling 
was found in the liver. The finding was 
otherwise normal apart from the absence of 
the left kidney and the presence at its site of 
2 cysts the size of the tip of a little finger 
from between which the ureter, issued. 
There was no mention of the blood vessels of 
the hilus. Microscopic exdmination of the 
left kidney: The cysts were lined with tuboi- 
dal epithelium. The walls consisted of con- 
nective tissue containing smooth muscular 
fibres. The interjacent connective tissue 
showed primitive tubuli surrounded by 
immature cellular tissue resembling the 
stroma of Wilm’s tumour. Approximately 
len smaller cysts in the samples were 
coated with an epithelium of proximal 
tubules. The walls of these cysts too pre- 
sented muscular fibres in delicate connective 
tissue stroma. There was no normally 
organised renal tissue in the slides. The walls 
of the large cysts revealed rudimentary 
glomeruli, the Rowman’s eapsules were lined 
with cuboidal epithelium. The stroma con- 
tained numerous thick-walled arteries with 
hyalinised walls and a rich capillary network. 
‘The stroma showed lymph follicles. There 
was no cartilage. The right kidney was 
normal microscopically, 
CASE 2. R.R., a girl (No. 2599/49) who was 
the third child of a mother of 35. She was 


Case Reports 


c Cc 
admitted at the age of 9 days for esophageal 
atresia. On entering the hospital she was in 
poor general condition, suffering from 
respiratory difficulties. The catheter passed 
11 cm into the esophagus. The abdomen 
was distended and large. Non-protein 
nitrogen was 97 mg®%. The child died c¢. 6 
hours after gastrostomy. 

Esophageal atresia was established at 
autopsy. There was a blind upper esophageal 
segment and a fistula from the lower seg- 
ment to the bifurcation. Both lungs showed 


massive pneumonia. The right-side kidney 


was normal in structure, weight 14 g. The 
left kidfley was multicystic and resembled a 
bunch of grapes. Microscopic examination. 
performed on the right kidney only, dem- 
onstrated pyelonephritis. There was no 
dysplastic tissue. Nu specimen was available 
from the left kidney. 


Case 3. K.M.L., a neWborn girl (No. 95/51). 
Second child of a mother of 28, she was born 
in a state of deep Suspended animation. The 
first child was a healthy girl of 5. The child 
was sent to hospital with the diagnosis 
fetal erythroblastosis in very poor condl- 
tion. She died in the outpatient department. 

Autopsy revealed atelectatic lungs and 
microscopy revealed abundant hyaline mem- 
branes in the alveoli and bronchioli. There 
were numerous ecchymoses on the serous 
membranes. The left kidney and the bladder 
were normal in structure. The right kidney 
as a whole was a multicystic formation ol 
5 = 5 7 em. The ureter leading from |! 
showed a lumen at least in places in the 
initial *part; near the bladder the ureter 
tapered into a thré@adlike shape and 0& 
came fully atretic. The genitals were nor! al. 
No microscopic specimen of the eysti (d- 


places primitive tubuli surrounded by 
mmature connective tissue. The epithelium 
of these tubuli was ciliated. In two plac eS 
‘here were wider cysts, also surrounde d bv 
mmature connective tissue. The epithelium 
of these cysts was cuboidal in form. No 
-artilage was found in the sample. Lym- 
phati tissue occurred in islets. The ureter 
wall consisted of muscular and @onnective 
ticsue fibres. The ureter had no lumen. 

° ° 

Case & K. J., a bov (No. 2183/56). The 
first child of his parents. He was born at 
term. Ile was taken to hospital at the age 
of 1 week for tumour diagnosed on the 
right side ofthe abdomen which was dis- 
tended, particularly on the right. The Spleen 
was falpable and slightly enlarged; the leit 
kidney was normal to palpation. Ar? appro- 
ximately apple-sized, Wneven” tumour was 
felt on the right between the costal arch and 
tha iliac crest. The tésticles were in the 
scrotum. The urine analysis yas normal. 
Blood urea nitr6gen was 1le mg per cent. 

Excretory urography establishéd poor 
excretion on the leff side. Some contrast 
megium entered the bladder. There was no 
ext retion from the right side. Yellowish 
fluid resembling urine was obtained by 
puncture from, the right kidne ny. 

On operation, at the age of 18 days, 
grape-like tumour was refnoved from the 
- Kidney area. It measured .6 x 4 x*4 

» ant consisted ‘of 6 cysts 1—6 cm iff 
> shaw There was normal renal tissue 
between the” cysts. One cavity, 1 cm in 
diameter, obviously represented the renal 
pelvis but the opening of the urefer seemed 
lo be blocked. There was no intereom- 
munication .detween the cysts. The blood 
vessels of the hilus were of normal appeare 
ane Postoperatively the child died « 
seplicemia edue to impaired healing ioe: 
infection of the wound. , 

M CrOSCO Pic eramuettion showed normally 
organtsed renal tissue in islets in the com 
hectWe tissue between the cysts. Th® struc- 
ture ofthe glomeruli was normal fog the age. 


“ 


« @° of the proximal tubuli were dilated 


anc their @pitivelum was cuboidal. There, 
€ 
ry 
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were colloid structures in places. Normal- 
looking tubuli lined with a higher epithelium 
were alSo seen. In the parts corresponding 
to the medulla the structure of the tubuli 
accorded with that of collecting tubuli. The 
epithelial lining of the cysts v: aried in height. 
The cyst walls consisted of connective tissue, 
intermingled with sthooth muscular fibres. 
The tissue between the cysts was composed 
of connective tissue of varying density with 
numerous blood-filled capillaries and thick- 
walled larger vessels. In addition atypical 
glomeruli with cystic Bowman’s capsules 
were seen. The cartilaginous islets were 
fnveloped in undifferentiated connective 
tissue. Similar connective tissue also sup- 
rounded the primfiv &tubuli which occ urred 
dispersed in the interstitiaP tissue. One 
sample displayed a cyst lined with tran- 
sitional epithelium. The cyst corresponded 
te the Yenal pelvis in structure. The inter- 
stitial tissue revealed numerous thick- 
walled blood vegsels and a rich capillary 
network. ¢ . 

The left kidney was normal on both gross 
and microscopic examination. | 


Case 9. K, R., a girl (No. 3366/56) was the 

third child, premature, of a mother of 21. 
The *other ,children’ were hedlthy. Birth 
weight 980 g. The child was taken to hospital 
decause of her prematurity. The cholesterol 
Wasserman reaction and Kahn’s test from 
the mother’s blood Were positive, the othfer 
tests negative. The child died from the 
sequels of infection one month after birth. 

Autopsy showed congenital syphilitic 
cirrhosis of the liver which together with 

lateral pneumonia and immaturity must 
be regarded as the Cause of death. The left 
kidney which weighed 7 g had a normal 
appearance; the right kidney was replaced 
by a cystic multilocular mass, 

M icréscopic examination: The cyst walls 
consisted of connective tissue and smooth 
muscle. The epithelium lining the cysts 

*varied in height from cuboidal fo flat 
endothelial-like. The cyst in connection 
with the ureter was lined with urothelium. 
The cVsts were separated from one anothes 

° o 
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tissue islets with collecting tubuli were seen 
which though wide and cystic were fairly 
normal ineappearance. There were also 
islets of primitive tubuli covered with cill- 
ated cylindrical epithelium. They were sur- 
rounded concentrically by primitive con- 
nective tissue. The intercystic tissue also 
showed hyaline cartilaginous “islets sur- 
rounded by the above-mentioned connective 
tissue and, more distantly, by collagenous 
connective tissue. The arteries were almost 
blocked, displayed proliferation of the 
media. . . 

CASE 6. k., a girl (No. 2532/53). First child 
of a mother of 19, she was delivered 1 month 
prematurely. She was born ina state of deep 
suspended animation. No external defor- 
mities were observed. Died at the age of 1 
hour. 

At autopsy the child was found to be a 
well-developed premature. The immediate 
cause of *death was bilateral pulmonary 
hemorrhage. The right kidney and ureter 
were absent. The left kidney weighed 5 g. It 
was a cluster of cysts, 1% x 2 x 4 cm, e 
containing clear fluid. Thé cysts, 7 in num- 
ber, ranged from \% to 2 % em in diameter. 
No renal tissue was found on gross exami- 
nation. The ureter led from the renal pelvis: 
enveloped by the cysts, and descended as 
usual into the biadder. The. genitals were 


. normal. 


Microscopic examination of the left kidney: 
There was no normally organised renal tissue 
in the sample area. The sample showed an 
extensive gavity lined * with transitional 
epithelium. The epithelium of the numerous 
minor cysts was single-layered arid cuboidal. 
The walls of these cysts consisted of dense 
collagenous connective tissue and smooth 
muscular fibres. The intereystic tissue was 
loose, rich in blood vessels and showed 

“scattered glomeruli, The structure of these 
glomeruli was primigive and there were, in 
close association with them, loops reminis- 
cent of proximal tubuli. Bowman’s capsules. 
were cystic. Primitive tubuli appeared in 

* places. Their epitheliim displayed stereo- 

Cilla. There was primitive connecéjve tissue 
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around the tubuli, though not concentryi. 
cally arranged. No cartilage was seen in the 
sample. The dnterstitial tissue revealed 
niumerous thick-walled blood vessels and » 
dense capillary network. There was some 
hvyalinisation in the blood vessel walls. 


Case 7. G. J., a girl (No. 1040 99). The first 
child of a mother of 28. She was delivered 
2 weeks prematurely in a breech presenta. 
tion. Her birth weight was 2.400 g. The 
child was flaccid and of cyanotic pallor 
postnatally; respiration was poor from the 
outset. Died at the age of 3%, hours. 
At autopsy the air content of the lungs ' 

was found to be reduced. The microscopi 


samples taken from the lungs showed hyaline 


membranes in the°alveolieand bronchili. 
Two clusters, 2 « 1 1% cm, of 4 and 5 
cysts, respectively, were found bilaterally ° 
at the site of the kidneys. The c¥sts were an e 
average of 1 cm in diameter, non-com- 
municating and contained clear fluid. These 
formations were associated with the ureters 
which were thick and rigid. The ureters 
seemed to be closed. They ended in a bladder 
the size of the little-finger tip which opened 
into the cloacal cavity in the lower portione 


* of the vagina. The uteru®S was bipartite. An 


ovagy was relafed to both parts which opened 
separately into the upper portion of the e 
vagina. ,. : 

Microscopic examination of the kidneys 
No normally organised renal tissue was 
found in the samples taken from the kidneys. 
The numerous multiform cysts weré lined 
with cuboidal epithelium. The cyst walls 
consisted of collagenous conngctive tissue 
containing smooth muscle fibres. The inter 
cystic tissue consisted of loose connective 
tissue with numerous blood-filled capillaries 
and thick-walled blood vessels. The cys! 
walls revealed atypical glomefuli with @ 


°o 
cystic capsule of Bowman. The intercysti 
e , ° 
tissue displayed scattered groups of, tubull, 
localised in many places in the vicinity ol 
°o 


we eae _ : :. 
the, w4lls of the cyst cayities. Their ep 

. . ~ .» © . . } 
thelium was high-prismatic, cylindrical; he | 
cilia were distinguished. In addition, the ee 


eintercy#tic, tissue revealed in a cou] ol 
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folloyy up; he had been well at home in 
eyery respect. Catheter urine was normal, 
plood urea nitrogen 15 mg per @ent.” 

In post-operative urography excretion 
~ommenced on the left immediately; the 
renal pelvis and the calyces were very wide 
and clumsy. The ureter was normal. 

Microscopic examination of the right 
kidney: The sample showed a small area of 
ormally organised renal tissue where the 
structure of the glomeruli was normal for 
the age. The distal tubuli were dilated and 
their epithelium was cuboidal. Phere were 
no colloid structures. Normally organised 
renal tissue was seen between «the large 
cysts, near the cavity which was lined with 
urothelium. Theré were several tubuli, 
* reminiscent structurally of collecting tubuli, 

in the cavity wall. The walls of the different- 

sized cysts consisted of connective tisste 
and smooth muscle, and the cysts were lined 
with Shallow cuboidal epithélium. The tissue 
between the cysts was loose connective 


tissue containing blood- -filled vessels. It also . 


revealed isolated glomeruli and groups of 


tubuli.efhe vascularisation of the glomeruli 


was poor and some of them were hyalinised. 

, Also primitive tubuli surrounded by con- 
centrically organised embryonal connective 
tissue were seen. The stroma displayed foci 
eof lymphoid tissue. There was no cartilage. 

e ° 2 

, UAse 12.eK. L., a girl (No. 3093/57), was the 
» third child of ,hereparents. Birth weight 


© 3450 g. She was taken to hospital at the 


age of 2 days for atresia of thé esophagus 
The anug opened into the vaginal vestibule 
and emitted air and fecé@s. 

The patient was operated on at the age of 
5 days for esgphageal atresia. Scleredema 
developed postoperatively and the child 
died at the age of 10 days. « 

‘llopsy showed a_neate esophageal 
anastomosis. The fistula between the esoph- 
agus and the trachea was closed. There were 
three spleens. In addition a vestibular anus 
Wa> fonnd. There was massive pneumonia 
bil terally. The right kidney was normal, 
Weight 20 g; the bladderewas normal. The 

» le kidney consisted of 5 transp@rent cysts. 
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lt weighed 2 g and measured 2 x 1% x 1 
em. The cysts ranged from \% to 1 cm in, 
diameter. Theecysts were not intercom- 
municating. No renal tissue was seen grossly. 
The ureter was connected with the cluster 
in a thread-like form and was blocked 
throughout-its lengtlf. © O 

Microscopic eniinattene The left kid- 
ney showed islets of normal renal tissue 
between the cysts. The glomeruli were 
vascularised. Bowman’s capsules were 
covered by cuboidal epithelium. In the 
areas corresponding to the cortex the con- 
voluted tubuli were cystic and the epithelial 
lining fJat. There were colloid structures. 
The epithelium of the loops of Henle was 
normal. No collecting tubuli were distin- 
guished with certainty, nor were structures 
corresponding to the renal pelvis found. 
The majority of the samples consisted of 
eysts of different sizes with cuboidal epi- 
thelium. The cyst walls consisted of col- 
lagenous connective tissue which showed 
isolated smooth muscle fibres. There were 
rudimentary glomeruli in the walls. The 
intercystic tissue of the cysts was “loose 
connective tissue avith large thick-walled 
arteries and numerous angiomataus lesions. 
The intercystic tissue contained isleds of 
undifferentiated connective tissue with 
primitive tubyli centrally. There was no 
cartilage. 

© 

Case 139K. E., a boy (No. 3368/57) who was 
hospitalised at the age of 5 days for atresia 
of the esophagus. The patient looked miser- 
able and there was scleredema. His hands , 
had a 90 degree radial flexion and had only 
four*finge rs each. The testic les were in the 
scrotum, The catheter passed 11 cm into 
the esophagus. Roentgenograms revealed 
bilateral pneumonia ahd a good deal of 
air in*the*intestines. The radiug, 1st meta- 
carpakbone and the thuntb were missing on 
both sides. When, the patient was 6 days 
old the esophage al atresja with ‘trac heg- ° 
esophageal fistula was arrected through 
posterior exdrapleuml mediastinofmy. He 
died on the day of t He operation at the 


age of 7 days. . 
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by connective tissue @f varying density in 
the area of which there avere sporadic fetdl- 
type glomeruli with poor vastularisation. 
Bowman’ capsules were cystic in some of 
the glomeruli. There was toncentrically 
organised embryoftal connective _ tissue 
around the slit-like tybuli. The tubuli were 
dic hotomously dividing, lined with multi- 
layered, high cylindrical epithelium with 
polypous protrusignsdnto the lumen. There 
were some cartilaginous islets, in, connective 
tissue. Small, normally organised’ islets of 
renal tissue were seen between the large cysts. 
‘The gromeruli were fetal and the capsular 
spaces cystic in the area of these Jslets. 
Some of the ‘glomeruli were rudimentary. 
No normal convoluted tubuli were found. 
There were primitive tubuli ig the areas 
corresponding to theemedulla., The inter- 
stitial tissue revealed numerous angiomatous 
lesions. The left kidney was micro- 
scopically normal. . * 


cer ern coma 


Case 10. M., a boy (Np. 3544/56). Died when 
aged 1 hour. The diagnosig was right-sided 
multicystie reneél tumour. ; 
Autopsy showed that the® child was a 
premature. Both hip joints were dislfyated. 
Thére was anal atresia. The right testis, the 
eurinary bladder, both uyeters and the left 
kidney were missfng totai]y. The right kid- 
ney was replaced by #multicystic formation 
of 5 x 4 24% em. The tumour weighed 
15 g and its cysts contained 30 g of clear 
vellowish fluid. In the medial part of the 
cystic cluster a cavity was found the inner 
surface of which resembled, to the *naked 
eye, thé inner surface of the renal pelvis. 
There was anal atresia with recto-vesical 
fistula and patent urachus. A short treter- 
like stump with a lumen 1 mm in diameter 
was attached to the site of thefistula. There 
were 6 cysts in all ranging from % to 2 cm 
in diameter. There was. no intercommunica- 
; : * 
tion between them. 
Microscopie examination of the 
kidney: 
was seen. 


right 


The walls of the multilocular cystic 
formation were c ompoged of undiffetentiated 


connective tissue. The epithelium of the 


9 ” 


No nornvally organised renal tissue * 


. ° 
cysts was mostly cuboidal but the eight 
varied in places. The area of immature 
@eonnec tive tissue showed some cartilavinofe 
islets and primitive’ tubuli with high, 
ciliated epithelium. In the connective tissue 
bétween the cavities were scattered at, pical 
; : ° : | 
glomeruli with cystic Bowman’s capsules. 


Some of these glomeruli were disintegrating,® 


partly hyalinised. There were scatteped. 
mostly® normal-sized tubuli also in the 
interstitial tissue. They sometimes occurred 
in the vicinity of the glomeruli and their 
epithelium was low as in the proximal 
tubuli. Some of the tubuli were dilated. 
There were also narrow tubuli with relatively 
high 2-layered epithelium and muscular 
fibres in the surrounding embryonal tissue. 
"A* clearly demarcated area containing 
testicle tissue Was seen in the centre of*the 
cystic group. Its structure was normal for 
the age. Epididymal tissue was seen associ- 
ated with it. = ; 


Case 11. T. A., a boy (No. 275/57), was the 
“third child of a mother of 29. After birth 
a right abdominal tumour was found and 
the boy was taken to hospital. Therea soft, 
smooth-surfaced, mobile tumour, the size of 
a small egg, was found to the right and 
slightly inferiorly of the umbilicus. On the 
left there was a somewhat larger norMal- 
shaped ekidney. The testicles were in the 
scrotum. Catheter urine was normal. Blood 
urea nitrogen was 6 mg per cent. 
* Eaecretory urography showed on the left 
a markedly hydronephrotic kidney. The 
ureter was not dilated. Abundant contrast 
medium accumulated in the bladder. No 
excretion Was found on the right side. 

An operation was performed at the age 
of 15 days. At the site corresponding to the 
kidney a _ grape-like, tumour 


cystic was 


extirpated. The cysts were pale, transparenl 


a thin ureter led from the hilar region and a 
thin vascular pedicle entered it. The lef 
kidney was palpated. It was rather ‘ong 
and revealed fetal fobulation. The Pelvis 
> . . * 
ewas hydronephrotic and fluctuating. The 
= . ‘ ; pa 
patient had a good post-uperayve recoy ery. 


He visited the hospjtal a year later | r @ 
° 2 


° « 
& ' 
* a 


sonnective tissue and smooth muscle. The 
epithelium varied from cuboidal to flat 
endothelial type. In one sample was seen a 
separate area containing — tissue which 
differed completely from its environment: 
tubular formations which resembled epi- 
didymis structurally. — The right kidney 
was normal microscopically. i 
Case 15. R. H.v a bov (No. 590/58) who was 
the illegitimate first child of his mother. 
Progress was poor. The patient came to 
hospital for cardiac examination at the age 
of 1 year 8 months. He was a delicate child 
weighing 9.9 kg, height 80 em. A con- 
tinuous murmur was heard on the left in the 
11 and III intercostal region. A fairly soft, 
mobile tumour, the size of a small egg, was 
felt at the site of the left kidney. Both 
testicles were in the scrotum? there was 
slight phimosis. The urinary specimens 
were normal. Blood urea nitrogen was 


normal. 
. + . 
Excretory urography revealed no excretion 
on the left. : 


‘ 

Lett-sided nephrectomy revealed a multi- 
cystic formation in the region of the kfdney. 
The cyst situated most caudally was the 
largest, 5 em in diameter. No renal tissue 
was found. The tumour, 10 « 5 em, ex- 
tended caudally .to the promontory. The 
blood vessels of the hilus were normal; they 
were tied. The ureter appeared normal, 
was detached distally and cut. The patient 
ade a good recovery. When he was 1 year 
11 months old left thoracotomy was per- 
lormed; the open arterial duct was ligated. 
The patient recovered well also from this 
operation. 

Microscopic examination of the left kid- 
ney: The slides showed small islets of fairly 
normally organised renal tissug. There were, 
however, fewer glomeruli and convoluted 
lubuli than usual in the area of the islets. 
Some of the convoluted tubuli were 
atrophic, some markedly dilated and filléd 
with a colloid-like substance. The epithelium 
Ol the dilatéd tubuli was shallow here but 


e®Cuboidal elsewhere. “The glemeruli were 
:, - 
lined with cuboidal epithelium. Dowman’s 
@ 
% @ ’ 


ae 


LD 
° 
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capsules were cysticgin some places; there 
were a few*primitive tubuli encircling the 


glomeruli at 2 site corresponding to the. 


cortex. There was connective tissue of 
varying density and with®wide blood vessels 
between the islets of renal tissue. Some of 
them were thick-walled, others again thin- 
walled veins. There were isolated glomeruli 
with cystic Bowman’s capsules in the con- 
nective tissue. A part of the lobuli of these 
glomeruli was scarred,” a part normal, 
vascular. There were also islets composed 
of embryonal connective tissué which was 
fully undifferentiated. Here and there this 
embryonal connective tissue, concentracally 
arranged, enveloped the primitive ducts 


which showed a dichotomous division. Thee 


epithelium lining these ducts was pseudo- 
stratified and stereociliated. In some places 
the epithelium projected into the lumen in a 
polypoid manner. The walls of the large 
cysts consisted of dense, collagenous con- 
nective tissue and smooth muscle. The 
epithelium covering the cysts varied from 
cuboidal to shallow, flat endothelial. No 
intercommunication was found between the 
glomeruli in the cyst wall and the cyst. 
There were no cartilaginous islets in the 
samples. 


Case 16. L. H. O., a boy (No. 447/58) who 
was the second child of his parents. The 
first baby was healthy. There was abundant 
green amniotic fluid. The child was in a 
state of suspended aflimation when born. 
Roentgenogram taken after birth showed 
the ventricle to be filled with air but the 
intestines to be void of air. The patient was 
hospitalised at the age of 4 days with the 
diagnosis ®f intestinal atresia. A mass tle 
size of a Small egg was palpable to the right 


"of the umbilicus. On the right was an 


inguinal hernia. The testicles were not in 
the scrotum. The urine albumin test was 
weakly positive. (Chest roentgen films 


, shoWed massive pneumonia, the esophagus 


filled with air, ended in a cul-de-sac at tl 
level of the 3rd rile There was air in the 
intestines. ExtrapleuraY thoragptomy and 


*repair of the esophaged#® atresia was per 


emaponcnc nos ail 


Autopsy revealed an operated esophageal © 


atresia. There was massive pneumonia 
bilaterally. The left kidney and the bladder 


_ , , : 1°] 
were normal. The rightekidney, measuring 


34, « 2 2 em, was composed of cysts. 
The diameter of the cysts, 10 in all, was 
0.5—1.5 em. No renal tissue was observed 
grossly. There was no intercommunication 
between the cysts. The ureter was thick- 
walled and wide both above and below a 
stenosis in the mfddle. ° 
Microscopic examination of the kidneys: 
No normally organised renal tissue was 
found in the sample from the right kidney. 
The bulk consisted of cysts. The tissue 
lying between them, consisfed ofeembryonal 
undifferentiated connective tissue The 


intercystic tissue revealed primitive tubuli 


with pseudostratified, ciliated epithelium. 
Besides primitive tubuli there were also 
primitive glomeruli with cy$tic Bowman’s 


° ry . e e 
capsules. The glomeruli were lined with 


cuboidal epithelium. The walls of the large 
cysts consisted of loose collagenous’ con- 
nective tissue and smooth muscle. The walls 
showed atypical glomeruli with incipient 
hyalinisation. In some preparations tubuli 
encircling the glomeruli*were seen, struc- 
turally these tubuli corresponded to the 
proximal tubuli but were unusually narrow. 
There were no cartilaginous islets. Lymph- 
alic tissue was scanty. Blood vessel forma- 
tions were present. The left kidney was 
normal microscopically. 


CASE 14. L. T., a boy (No. 1941/57) who was 
the second child of his parents. The preg- 
nancy was normal. He wag sent from a 
rural hospital for sispected abdominal 
tumour at the age of 5 montifs. The general 
conditien yas good. The abdomen was 
distended on both sides, slightly more on 
the left. A mass the size of about a child’s 
ist was palpable on the left; it did not feel 
very hard. The albumin test‘in th® catheter 


* : game 3 DD eae re , , 
urine was positive. The urinary sediment 


was normal. Blood urea nitrogen was 14 mg 
per cent, 
. * ‘ 4 ‘ . 
E'xcretory urography established normal 
| | * 
excretion on the right and the renal pelyis 
. | 


® t - 


9° 


and calices were normal.e The ureler was 
normal down to the bladder. No excretioy 
was observed on the left whé@re there wag, 
dense, roughly fist-sixed shadow. 
Left-sided nephr@ctomy was performed at 
the age of 5 months. The tumour was multi. 
cystic, the size of 2 fists. The ureter and the 
renal vessels were running between cysts. 
Removal was easy by extirpation. The 
adrenal gland was seen like a flat disk aj 
the upper pole. A supernumerary spleen was 
found. Grossly, there was a conglomeration. 
sized 12 x ® x 9 cm, of c. 12 cysts ranging 
trom 3 to 6 cm in diameter. There was no 
intercommunication between them. There 
seemed to be renal parenchyma in the wall 
of one cyst. The ureter was narrow and closed. 
~~ The postoperative course was uneventful. 
Microscopic specimens displayed small 
renal areas organised fairly normally. The 
glomeruli were infantile, im places hyaline. 


_ The outef layer of Bowman’s capsule was 


thick and covered by cuboidal epithelium. 
Wholly rudimentary glomeruli were also 
found. The tubuli of the cortex were partly 
dilated and filled with colloid-like material, 
partly atrophic. In the middle of normal 
tissue there were angiomatous blood ves- 
sels. Primitive, gaping ducts were found 
in the area corresponding to the medullary 
zone. These ducts were enveloped in im- 
mature embryonal connective tissue con- 
taining smooth muscle fibres. Their ept- 
thelium was stratified, cylindrical. Stereo- 
cilia were seen in many places. The division 
of these ducts was dichotomous. The renal 
areas of normal appearance were separated 
by connective tissue varying in maturity 
and density. It contained numerous angiom- 
* ’ e q . . 

atous vessels and a_ few cartilaginous 
islets. In the area of the connective tissue 
individual infantile *and rudimentary glo-, 
méruli were seen which serial section revealed 
to lack intercommunication with the tubull 
and the large cysts. Bowman’s @apsules were 
cystic in many places, filled with a colloid 


» like substance. The area of the® stroma 


sh@yed primitive tubuli gurrounded by 
embryonal connective tissue. The walls 0! 
the large cysts consisted eof colfager us 


® * 


mm & 


sonne: (ive tissue in the area of which was a 
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Microgcopic examination of the kidngys: 


capillary network and wide thick-walled » The samples taken from the left kidney 


hlood vessels. The connective tissue showed 
sjets consisting of undifferentiated connete 
‘ive Ussue with primitive tubuli centrally. 
in a few places primitive connective tissue 
enveloped cartilaginous islets. The large 
eyst-like cavities were lined with cuboidal 
single ayered epithelium. The “cyst wall 
consisted of dense collagenous connective 
‘issue in which primitive glomeruli were 
seen. Their capsules were cystic. — In the 
samples taken from the mght kidney the 
tubuli were wide and the epithelium lining 


.tfem shallow. There were small foci of in- 


flammatory cells between fhe cortical and 


the medullary zone. : 


* 
Case 18. N. R., a boy (No. 3993/58) with a 
birth weight of 2,760 g. The child had 
vomited and made poor progress. He was 
admitted to hospital at the age of 1 month, 
unconseigus and vomiting blood. Bilateral 
pneumonia was esfablished. No masses were 
palpated in the abdomen. The testicles 
had descended. There was albuminuria. 
Blood urea nitrogen was 71 mg per cent. 
Despite 3 weeks of antibiotic afd fluid 


showed large cysts lined with shallow cu- 
boidal epithelium. The cyst walls consisted 
of connective tissue with smooth-muscle 
ffbres dispersed throughout it. There were ° 
some rudimentary glomeruli in the walls. 
The tissue between the cysts consisted of 
connectiye tissue of varying density. There 
were numerous thick-walled blood vessels 
and angiomatgys formations in its area. 
The cOnnective tissue revealed scattered 
lymph follicles and c@rtilaginous islets. 
There were also primjtive tubuli lined with 
ciliated epithelium agd concentrically sur- 
rounded by embryonal connective tissue. 
No normally organised renal tissue was 
found in the samples. No lumen was dem- 
onstrated microscopically “fa the sample 
taken from the upper part of the ureter. 
In the lower pole of the right kidney the 
microscopic picture resembled that of the 
left kidney. There were, however, hormally 
organised renal areas between the cysts. 
The samples taken from the upper pole 
showed pronounced inflammatory changes 


> . 
"on the border between the cortical and 


medullary zones. Re(esses were seen here 


therapy the patient failed to improve in ® too between n@gmal tissue; they revgaled 


condition and finally died. 

Autopsy revealed a cystic formation, 
{x 5 & 3em, at the site of the left kidney. 
The Cysts varie@ from 1.5 to 3 ecm in 


primitive tubyli surrounded by concentric 
connective tissue, and rudimentary “glo- 
meruli. The inflammatory changes were 


“most marked around these dysplastic areas. 


diameter. No renal tissue was seen grossly.¢ ® 


The ureter, in the upper part of which no 
lumen was seen, was connected with the 
centre pf dhe cystic formation and ter- 


“minated in the bladder in the normal way. 


rye ° . % . ‘ 

rhe right kidney was 6 x 4 3 cm. Its 
lower pole was cystic. There were several! 
recesses*in the area of the upper pole. TTfe 


cortical zone was clearly @efined. There * 


were yellowish strands o&pus on the border 
between thé cortieal and medullary cones 
anc in the part.corresponding to the me- 
dulla. The renal pelvis was unusually large 
anc its mucosa was blood-filled. The ureter 
Was normal. There were pneumonic® areas 
bil\terally in the lungs. Nothing special was 
observed in the other qargans. 


« ° * 
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. Case 19.eR. L., @ boy (No. 4477458) with a 


birth Weight of 3,400 g. The child was 
cyanotic and had poor respiration ever since 
birth. He was admitted for respiratory, 
difficulties and died at the age of 1 day. 
e Autopsy revealed a lowered air content 
in the lungs, the co®sistency of which was 
firm. Microscopic examination performed 
later showed copigus hyaline membranes 
in the alveoli as the cause of death. Theré* 
were two cysts 3 cm in ¢iameter contain- 
eihg clear fluid where the right kidney shougd 
have been. There was no renal tissfie 
between or arounde the cysts. The u®eter, 
with the¢élumen missing in the upper third, 
opened normally into the Madder. The left 
e 7 7 _- 9 
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formed on the day of ddmission. A roent- 
genogram taken 2 days ,postoperatively 

a ravealed no air in the intestines. 
Laparotomy and right-sided nephrectomy 
were performed at the age of 8 days. On the 
» wright there was a multicystie, kidney in 
‘ which no renal parenchyma could be dem- 
onstrated. The hilar vessels were thin and 
a couple of veins drained beyond the upper 
pole. The ureter appeared normal; it was 
“ee tied, likewise the vessels: On palpation the 
left kidney felt lobulated buf of normal 
size. The stomach and the duodenum were 
wide, pouchlike; the small intestine appeared 
otherwise normal. The largest, anteriorly 
situated, cyst of the cystic kidney had 
apparently pressed the duodenum closed, 
° thus obstructing the passage®— The patient 
died 2 days after the second opegation,with 
symptoms of pneumonia and pleural em- 

; pyema. 

° Micgoscopy of the excised kidney: The 
samples showed small areas of normally 
organised renal tissue. The capsules of “the 
glomeruli were thick. Their epithelium 4vas 
proliferative. The proximal tubuli wepe 
° dilated m the areas corresponding to the 

A cortex and the epitheliun® lining them 

‘ shallow, cuboidal. They were full of colloid 
material here and there. The tissue between 
the large cysts was chiefly collagenous 
, @ e econnective tissue in which there was 
* arich capillarye network and thickwalled 
hyalinised blood vessels, The intercystic 
tissue also revealed islets of embryonal 
connective tissue concentrically around the 
primitive tubuli. 
cystically enlarged. 


Their epithelium was 


ciliated and it proliferated thrusting poly- 
. poid projections into the cavity. In addition *« 


~ Cartilaginous islets encircled by connective 

tissue, and lymphatic follicles were seen. 
~The large cyst cavities were 
cuboidal epithelium. The cyst wall con- 
sisted of collagenous “@nnective tissue and 
rudimentary glomeruli with cystic 
man’ Ss capsules. ad 


Bow- 


° Case 17.8. & J., a boy (No.1152/58) who 
e . was the first®childgof his mother of 32. Ad 

= 
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Some of the tubuli were® 


lined with 


9°? 
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.e) 
the maternity hospital the moth was | 
found to .be suffering from nephy pathy, 
Her blood pressure was 170/110 mm Hg. 
The child was iff a state of deep suspended 
animation at birth. 

Upon admission to hospital the patien; 
was cyanotm, slightly icteric; a nodular 
tumour extending to the iliac fossa was pal. 
pable on the left of the median line. Php 
child weighed 2.500 g, height 46 cm. Direct 
bilirubin was 0.5, indirect 15.5. The Mey. 
lengracht was 1: 100, pr se Vek count 
20/100. The blood group of the mother was 
not known. Although the Coombs test from 
the child’s blood was negative.exchange 
transfusion seemed indicated. On _ per. 
forming the exchange transfusion — the 
umbilical vein was perforated and laparot- ® 
omy was conséquently performed. The 
left kidney was the size of an egg; its lower 
portion consisted of a major cyst but it was 
otherwise “multicystic. The right kidney 
appeared normal. The child died at the age 
of 5 days. 

Autopsy revealed intraventric ular bleed- 
ing in the brain to be the cause of death. * 
The child was externally well developed. 
The testicles were in the inguinal canal. 
There was a small clot around the site of 
perforation of the umbilical vein. The spleen 
and the liver were large. They showed pro- 
fuse blood formation microscopically. The 
testicles wece of normal size.,The left kidney 
consisted of c. 20 cysts. The left ureter, 
terminated in a blind pouch at the level of 
the’ promontory. Thé right kidney 
markédly hydronephrotic, the pelvis” was 
Wide, theanterior surface pale and there was 
a stricture at the junction of the ureter and 
the pelvis. : . 

Microscopic examination of the kidneys: 


Was 


The left kidney showed between the cysts 
small islets of normally organised renal 
tissu@. The glomeruli were lined with 
cuboidal epithelium. Bowman’s “capsules , 
were cystic. The proximal tubuli were wide, 
cystic and contained here and there 4 
material reminiscent of colloid. heir 
epithelium was flat, endothelial. The tssue 
between the cysts consisted of callage ous 
. ." « 
: ; 
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According to the most recent review 
(Coppridge & Ratliff), the unilateral 
multicystic kidney seems to be vefy 
rare, o@ily! 31 cases being reported 
the literafure. Moore (1957) had 5 cases 
amongeé 58 495 hospital admissions 
(),009°,). Bell (1946) found 11 unilat- 
eral cysti@ kidneys among 32,360 
autopsies ¢ (0.03°,) and 64 bilateral 
cystic kidneys in the same material 
(),2°,). Our 19 cases were found during 
12 years among roughly 32,000 pediat- 
ric hospital admissions (0.05°,) and the 
15 cases in which autopsy was made 
were anaong 2,900 autopsies (0.9%) 
performed during the same period. Of 
our material, 12 cases were found 
duringeLhe last 3 years among roughly 
14,000 hospital admissiéns (0.085°) 
and 900 autopsies (1.3°,). This is in 
accordagce with Grob’s experienee that 
itheeaplastic cygtic kidney» is the most 
usual form of cystic kidney in infancy. 
Similarly, during 20 years Longino « 
Martin foufid 15 infants with hypo- 
plastic cystic kidney among 3 infants 
adnaitted because gt abfominal mass 
to te Boston Children’s Hospital. The 
seemingly rare “occurrence might de- 
pend of the variety of names under 
Whic i multicystic kidneys are reported 
and filed. »U ndoubtedly many more 
cases will be added w hen and accurate 
definition and classification ‘ef renal 


. Incidence . 


structural anomalies has been estab-" 


ished» (Abeshouse). . 
e 
Of the 2? urflateral multicystic 


ki®aeys*reviewed by Mendslte & Smitli, * 
* 


(1997), 22 have been in the pediatric age 
group. Potter (1952) found multiple 
cysts in the kidney of a fetus weighing 
do grams, at 14 weeks gestation. The 
oldest patients, on the other hand, we 


. . . _ 
have found in the literature were 70 


(Spence) and 78 V ears old (Abeshouse). 
The age in our cases at death or at 
clinical diagnosis» varied from 1 hour 
to 1 year 8 months, Our Case 9 was a 
premature female infent weighing 980 g. 

The vast majority of multicystic 
dysplastic kidneys reported have been 
unilateral, in accordance with the 
accepted definition (Schwartz; Ravitch 
& Sanford; Spence ef al.). If bilateral 
cases have occurred, they have been 
treated under pelycystic kidneys (Pot- 
ter; Hooper). Grob gives some hint of 
ahe possibility of the bilateral occur- 
rence in writing that »aplastic cystic 
kidney» is mostly unilateral, We have 
been @ble to find only 2 reports on 
bilateral multicystic kidneys in infants 
(Longino & Martin; Hooper). Among 
our 19 patients, one female had bilateral 
multicysti¢ kidney (Case 7) and another 
had a_multicystic dyspl: asia of the 
lower pole in the contralateral kidney 
(Case 18), 

Both sexes and both sides are said to 


he affected equally. In our material, 
7 were gemales and 12 were males. [he 
lesion avas en the left side in 4 females 
and 5 mAales, on the right”side in 2 
females and’ 6 males. In addition, | 
female (Case 7) and 1 male (Case 15) 
had bilateral lesions. 


:. 


c kidney wa% 3 « 2 « 1 em and of normal 

Shape. Sgveral scar-like depressions were 

° seen on*its surface. The margin ole the cor- 

> tical eand medullary zone was sharp. The 

pelvis was small. The open ureter emptied 

into the bladder in the normal manner. 

* The bladder was of normal size. The wall was 

. thick and the urethra open. ‘Tahe testicles 
were in the scrotum. 

Microscopic examination of the kidfheys: 

The c¥sts corresponding to the rightekjdney 

; . had thin walls. The walls consisted of 

collagenous conneetive tissue and smooth- 


s »* rer . 
is mus le fibres. here were some rudimentary 
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glomeruli in tlfe walls. The*’ysts we, | 
r ' ’ : , Oc. 3 ined 
with shallow cuboidal ~ epithelium The 
connective tissué between the eveic wa 

. . ° J | . 
of varying density. It showed sma)! islets” 
Of immature embryonal connectiy: tissue 
and cartilage. The samples contained no 
norfhally organised renal tissue. 

Mhere were numerous dysplastic areas 
in the left kidney. There were rudimentary 
glomeruli with cystic Bowman’s capsules 
and*primitive tubuli surrounded hy Im- 
mature embryonal connective tissue. Tho 
Structure of the parenchyma between the 
dysplasfie areas was normal for the age 
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: Microscopic Description , , 


\ 


Stroma. The most typical finding of 
multicystic kidney is the incre ased 
amount of cMnective tissue, whichis 
far more abundant than in*the usual 


congenital’ polycystic kidney (Potter; ‘ 


Menashe & Smith). This connectice 
tissue may be fibrous (Abeshouse), or 
loose and embryonic in type and richly 
suppked With vessels (Staemmler 1957). 
This stroma may contain primitive 
renal elements (Williams) “or cartilage 
an “smooth muscle (Staemmler). In 
the cyst walls the connective tissue. is 
denser (Staemmler), 


* found 


In our cases, the density of the stroma ° 


varied considerably in gifferent parts of 
the*mass. In nearly all cases islands of 
immature connective tissue were found 
which resembled the undifferentiated 
‘tive tissue found in Wilms’ 
tunmurs. Around the primitive tubuli 
this was concentrically “arranged, and 
intermingled with smooth mustle fib- 


res. In the $troma, in all cases but two® 


a rich capillary network (Marshall 1953) 
Was seen, but mostly also ‘tRick-walled 
arteries. Moreover, 
ale 


. © 
in most cases small 
@ 
of normally organized kidney 
: : at : ° Ss . . “a 
, Small bits of cartilage, primitive 
tubeli and a few scattered primitive 


tiss) 


glomeruli were also ‘present in the 
st ¥ s S ” 
' connective tissué gf the »hypo- 
S o 
6 
 # 


plastic cystic kidney » is said to be rich 
in “blood vessels (Staemmiler), and the 


emulticystic ‘kidney in adults has been 


bloed 
thick-walled ves- 


to contain contracted 
vessels (Abeshouse), 
sels (Herezec et al.), 
blood (Oehlecker 1951), or 
numerous arteries, veins and capillaries 
(Klosterhalfen; Kempf; Funfack 1956). 
Dyspkastic kidneys often contain angi- 
omatous areas (Williams). In the scars 
of the renal cortex 


vessels 


a sinusoidal vascu- 
lar network has been*noted very fre- 
quently (Marshall 1956). In our multi- 
cystig kidné@ys (Figures 1, 9 and 10), 
in nearly all of them (except Cases 9 
and 11), a®rich capillary network was 
seen similar to that described 
pyelonephriti@ ‘kidneys. _in addition, 
thick-walled arteries were seen in almost 
eVery case (except Cases 9, 13, 14 and 
19). 

Lymphocytic infiltrations have" been 
found in neonatal kidneys in the 4p- 
sence of infection and have been con- 
sidered to be associated with haemato- 
polesis (Marshall 953). Abeshouse put 
forward the opinion that round cell 
of 
infection#In adult multicystic kidney, 


infiltrations are indic&tive chronic 


* 
when present (cases of Cicchino, and 


° ae ie 
Herczeg et al.), they mayg of course bt 


alum , we 


numerous small * 


by. 
Marshall (19: 33). as foetal structures in 
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All the kidney is replaced by an 1956, Spence ef al., among others). Even 
® . 7 . 
° irregular mass composed of enany cysts the ureteric orifice may be absent 
varying in size and number (Ravitch & (Williams) or ectdépic (Grob). Renal 
| 

Sanford; Williams). The cysts are held pelvis and calices likewise may be atre- 

e > + . ° . -* . 
together by*loose connective tissue like tic (Williams). In most of our cases at 
a bunch of grapes. No normal renal least some ureter was present from 

| o 

parenchyma can be seen except for an the bunch of cysts to the bladder; the 

: c 
* occasional nubbin (Spence ef al.). One ureter was fairly normal in 8 cases, and 
case with a multigystic upper pole of a atretic or occluded in 7 cases. In Case 

fe) ° 


double kidney has been reported (Pagel 

. 1958). In our material, the number of 

the cysts in the bunch varied from 2 

to 20, bit as many as 36 have been 

repoMed (Coppridge & Katliffj. The 

e walls of the cysts were thin, and macro- 

scopically we could not distinguish 

normal renal parenchyma, except “in 
ase 18 uf? the contralateral kidney. 

The cystic mass is usually found in 

the kidney area. Similarly, the location 

of the cyS8tic mass in our cases cor- 


S e * , 
responded to the normal location pf the , 
kidney, with one exception. In Casee4 
*the cysti@ mass was situated dystopi- 
cally at the pelvic btim. PrieseP(1956) 
; has réported a similar case. A multi- 

. . * . . 
cystic lesion In a crossed ectopic kidney 
a 
ehas been reported by Herczeg ef al. 

The ureter found to «be 

. 2 . 
normal or smallish in a few instagces, 
but charactefistycally it is said to be 
absent, rudimentary or atretic® (Abes- 

' 2 

house; Weinberg, O’Connor e& Sengler 


© . has been 


Oo 


17 the uretes ended as a blind pouch 
some distance below the bunch, and in 
Case 10°the ureter was totally absent. 
Jn 2 cases no mention of the ureter was 
made. In none of our cases were any 
renal pelvis or calices detected *(except 
in Case 18 in the contralateral*kidney). 

Theeblgod supply of the multicystic 
kidney is variable (Spence; Spence 
el ail.). Some “operators have noticed 
a vascular pedicle (e.g. Ravitch & 
Sanford) and some multiple small ves- 
sels«(Klosterhalfen 1958), no normal 
vascular pedicle. (Abeshouse) or no 
vascular pedicle at all (Hennig; Cicthino 
14951, Herczeg ef al.). Once, during 
translumbar aortography, a renal artery 
of fairly normal calibre Was seen to 
contain a cylinder of cheesy material 
(Maluf 1958). In Our cases, the hilar 
vessels were normal in 3 (Cases 8, 1] 
(Cases 9 


c z , 
and 16). In the others, no mention 0! 
the hilar yessels was made. 


and 15) and anomalous in 2 


°o 
© 
o 


” o 
° 25 
°o , oO 
zed ki@icys at least some sc cattered glom- on the dilatation of theetubuli (Lipton 
ind * erular ‘structures were found (Figures & Scordamagiia: Ravitch & Sanford). 
Ous » { 8 and 9), even in thé absence of some of these tubuli have been inter- 
de ‘he correspofiding ureter or in cases preted as convoluted tubuli (Cicchino 
In of its obliteration, In most kidneys, et dl.¥ some as connecting tubuli (Klos- 
eS _ addition, microscopic areas of normal terhalfen; Spence). It has been pointed 
eS- organization could be seen, in Case l4 out (IKkempb) that it is difficult: to, : 
to even a macroscopically detectable kn6b. decide, owing to the undifferentiated, 
a- @°” Here, the glomeruli were infantile, nature of the tubuli, whether their 
mat =F sometimes hyaline. Bowman’s “capsule funcgon is excretory or secretory. 
es, was thick, and¢he covering @pithelium More often, however, primitive , 
he cuboidal. In some places’ epithelial tubular structures of an entirely dif- 
proliferation was seen. Outside the ‘ferent type have been described in 
»), - areas of normal organization only o multicystic kidneys (e.g. HKavitch x 
mn § scattered atypical, foetal or * rudi- Sanford). Embedded in primitive con- - 
ss OE -mentary clomeruli were seen embedded nect¢ve tissue thgre are tubuli lined 
ly @f in the strofia. The capsule was mostly — gwith a ‘high pseudostratified columnar 
le Gl dilated and the , glomerulus itself lay epithelium surrounded by a concentric 
i- § collafsed inside. othe ‘apsule, in manye arrang®ment of primitive connective 
cs ¢ instances, was Filled with ecolioid- like tissue and smooth muscle. Similar 
A material. In serial sections, in some of structures have been found in renal 
s | @he cases, these glomeruli® were not * hypoplasia with or without®obliterated 
Ny | found to communicate wth the large ureter (Williams) and in hydronephrot- 
Is | Cysts, but had agshort tail, which we ic kidneys (Fink, Garlick & St@in 
- sae interpreted as aeproximaPtubulus. 1957). In kidfieys with ureteral du- 


‘ plications these strucfures have been 


7 ) | eee 
Pubular seterey 4 In most of the einen, as a sign of dysplasia (Erics- 


reported cases Of multicysti¢ kidneys at SOY. Ivemark 1958, Williams). 
% leas! soige tubd@Par structures have been I: uf bs , similar structures have been 


fotind, even if same of the adult cases foynd in Yoetal kidneys and in pyelo- 


© (I\empf; Klosterhalfen; Spence, among yephritic kidneys, and called persistent 


2 oO OR. ” . 7 

! olh@rs). In dhe areas of normal organ- foetal structures (Marshall 1953). They 
S : , =) 

ization the tubuli have been ¢gfairly lave been considered to be remnants 


normel (Boggs & KimmeBtiel), slightly or simular to ‘Wolffian ducts (Ericsson 
. , 


dilated @r embryonic in type (Spence). 1954), because their histological struc- 
. Siiitiarly, in the abundant connective ture tallies with that of residuak Wolk 
: © 


| Uissue scattered tubular structures have fian structures elsewhere in the body 
been found (Froboese 1952). The epi-g (Ericsson & Ivemark). When seen in an 
‘he umehas begn cylindrical {Froboese; adult, human kidney, they have been 
: > Lt i o«X Scordagnaglia; vavitch & called developmental remnants (John- 


son & Anderson 1953). Ductuli resem- 


bling the paroophoron were seen at the 


| ss d), cuboidal or flat (kKloster- 
Ravitch & Sanford), depending 
. ° 


e 
* 


q) 
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tissue, 
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due to infection. In infant cases of 


multicystic kidney (Boggse & Kini- 
melstiel 1956, Menashe & Smith) they 
are probably not caused By ififection, 
they 
kidneys (Marshall 


have been seen in newborn 
1993) and in the 
scars ‘of the renal cortex without signs 
of infection (Marshalle1 9: 96). Ly 
follicles should be 


for 


sy mphoid 
be 
We 
found lymphoid follic le-like structures 
» Rae Oe 16 ands). 
7, whet ts patient died at 
the age of 4 hours, and in Case 13, 
where he was operated on at the age 


vensiieeed to 
dysplastic tissue (Marshall 1956). 


in 6 cases (Cases 1, 


In Case 


of 7 days, these lymphoid accumula- 
lions were in ajl probability not caused 
byGnfection. @ 6 

M@ticystic 


small foci (al 


kidney often ®@contains 
cartilage (Staemmler; 
Potter; Spence; Raviteh & Sanford). 
Bigler & (1949) 
sidered the cartilage found in hypo- 
plastic and cystic kidneys °to be the 
result of metajdasia of the embryonic 
cQginective tissue. 


Killingsworth con- 


Dysplastic kidneys 
may contain masses of cartilage (Wil- 
liams); the normal :ftonatal 
kidney aig ig has been found (Mars- 
hall 19s 3) 

idi ergs 


even in 


n 9 of our 17 multicystic 


examined histologically foci 
I 


of hyaline cartilage were seen (Eig. 9). 
. ‘ (®) 


© 
In adult@cases, however, cartilage has 
We therefore 


carlilage as a 


not usually been found. 
) “ae 

consider the primitive 

dysplastic structure 


oe 


Cysts. The walls of the larger cysts 
are reported to be composed of fibrous 
the thickness of which varies. 
The epithelial lining is low cuboidal 


or flat the 


6 . 


(A beshouse; Spence), or 


© 


oe 
epithelium is absent QGsempf). Localizeg | 
or diffuse degenerative (hyalin, 


and * 
calcific), and metaplastic (cartWavinoys 
and osseous) changes have been de. 
the of the cysts 
elderly patients (Kempf; Hennig; Abes. 
house), more seldom in infants (Abes- 
house). In fact, we have been able sto 
find only one reported 


scribed in walls 


case with eal- 
cification in the cyst wall in an infant 
(Menaske &° Smith). In some CASES, 
smooth muscle has been found in the 
cyst wall in adults (Hennig). 

In‘our cases (F igures 1, 2, 3, 4 and 5), 
the walls of the larger cysts were com- 
posed of rather dense, more or less 
collageifous connéctive tissue. In nearly 
all cases, at least.some smooth muscle 
w&s seen in the cyst walls. 
thelial lining 


The epi- 
varied in different cases 
and cysts, from high cuboidal to flat 
endothelial. In addition, in many cases 
there 


were smaller cysts lined by 
The walls 
of these cysts were made of concentri- 4 


cally 


pseudostratified epithelium. 


connective 


i 


arranged embryonic 


tiss@e with smpoth muscle fibres. 
° 


») 
Glomeruli. In some cases, especially, 


in adults. no structures 


A bes- 
Little islants of nephrons 1 


slomerular 
have been seen (Hennig; Kempt; 
house). 
different stages of atrophy may be seell 
(Menashe & Nweith), or the 
meruli are embryonic or show advanced 
(. \be S- 
norntll 


rare glo- 


sclerotic “or hyaline changes 


house). Microscopic areas of 
organization may be visible (Staemm- 
ler). 


structures 


Infantile tubular ana slomerulal 
have. been seen in the solid 
tissue qSpence). 

In all of our multicystic dysplastic 
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Fig. 1. ® multicystic kidney removed at operation. 
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. Fig. 2. ® Fig. 3. 
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2. Cast 6. Wall of a big cyst which is lined with a single-layered cuboidal epithelium. ue z 
consists of dense collagenous connective tissue. In the centre the rich vasc@lar yved ace is 
arly seen. A primiti®e tubulus surrounded by primitive concentrically arranged connective e 
tissue is seen in tlfe lower part of the picture. a0. 9 
. Case 11. A eystic cavity lined with Guboida) epithelium on fhe right. Scattered glomeruli 
.. " | : . + 4 
are seen in the ricAly vascularized stroma. 100. 
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mass in the case of 


hilus of cystic 
Ultzmann (1951). 

In fur cases (Figures 6, 7, 10, 11, 12, 
13 aad 14), in the areas of nermal 
organization a “fairly normal tubular 
pattern, corresponding to the age of the 
patient, was seen. Mostly, the epithejal 
lining was, cuboidal. Often, some dilata- 
tion in tke tubuli was seen, and then 
the epithelium was somewhat lower, 
This especially concerned tubuli which 
we considered to be proximal ones. In 
only a few instanceS were tubuhi which 
we considered to be collecting tubuli 
seen (Cases 5, 8 and 11). In the stroma, 
the most usual type was the primitive 
tubulus, with higl® epithelium and 
concentric arrangemerf&t of embryonic 
connective tissue agd smooth muscle. 
Sometimes the epithelium was pseudo- 
stratified, protruding into the lumen of 
the tubulus (Cases 9, lo and 16). On 
many occasions, the Sepithelium was 
stereociliated (Cases 4, 5, 6, 7, 10, 13, 
14, 15 and 18). In Cases 10 and 14, 
these tybuli were considered to be epi- 
didymis. Similar epididymal tubuli 
have been seen in »aplastic kidney» 
(Williams), and in hypoplastic kidney 


@ 


‘ (Ciechino et al.). Dichotamous < 


ce 


sion 
was seen onemahy occasions, (Cases 9. 


14 @nd 15). In Cases 4 and 10 testicyja; 
tissue was visible, the seminilcrous 
tubuli being infantile in type. In the 
former cafe, the genitals were found te 
be normal, in the latter the testis was 
attached to the cystic mass, as in the 
case of Howze & Hill (1945). 


Ossifications. Calcific changes in the 
ecyst wall have mostly been found in 
adults (Abeshouse; Hennig; Messer- 
schmidt 1954, Kempf; Funfack, among 
others), in infants very seldom. In the 
infant case of Menashe & Smith an 
occasiong! calcific area was found. In 
an infant ageing 4 days, Trillat et al. 
found calcific lamellations in the cystic 
tissue. In none of our cases could any 
calcified areas be seen, except some 
calcific precipitations on very few 
occasions. Calcifications have not been 
seen in the newborn kidneys containing 
dysplastic elements (Marshal 1953). 
Conseqtently we regard the calcific 
changes as secondary and not as a sign 


eof dysplasia. 
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° ' Fig. Se Case 14. Normally $rganized renal tissue. 
. : 
in the the upper part two glomerular cysts are,seen. 
ined \ll the capsular spaces of the glomeruli are widened. 
; . ‘ , o 
s of The tubules are dilatedg Some of them are filled with 
4 colloid material. 50. < 
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; Fig. 9%. Case 14. A rudimentary glomerulus. The 
. Bowman’s capsule is lined with a high epithelium. 
\ < 200, 
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ned @ big. 10. Case 5. Loose intercystic tissue in which a 
and piece of cartilage is seen. The tissue is richly vascular- 
ive ized. A group of glomeruli and tubules is found on the 
: right@in addition, scattered single glomeruli are seen. 
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Fig. 11. Case 7. Blood-filled capillaries and thick 
waked vessels. At bottom a group of collecting tubules 
and scattered amongst them a few primitive tubules, ° 
. lined with a polypous superciliated epRhelium 100), 
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Fig. 4. Case 12. Wall of a big cystic space, lined 


ig. 4.- 
epithelium. 


glomerular structures and dilated tubules are seen, 
100. > ® 
9 


@ 
o 
) 
e 
Fig. 6. Case 3. An area with small cysts all lined 
with cuboidal epithelium. The walls of the evsts and 
the intermediate tissue consists of primitive connective 
Lissue. « 100. 
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Fig. 7. (ase 15. Wide primitive tubules surrounded 
by concentrically arranged connective tissue and 
smooth muscle. 100. ° 
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Case 1. Two cysts, both lined with cuboidad 
In the wall of the other cyst rudimentary 


with a flattened low epithelium. The wall consis{s of 
collagenous and smooth muscle fibers. » 315. 
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e 
divergence of opinion 


The® is a 
concerning associated anomalies in con- 
nection with multicystic dysplasia of 
the kidne¥. Those reporting® adult 
cases assert that there arg no other 
congenita® anomalies (Kempf; Fun- 
fack, among others) and the same has 
been said ta®be true of infants (Wein- 
berg ef al.). In 10 of the 27 reported 
cases, however, Menashe & Sifftith found 
apnoimalities of the uretgr and the 
renal pedicle, and in 2 instances an 
undescended testis was adherent to 
the cystic mass. Multiple “dysplastic 
scars’in the renal comex have been 
commonly found in association of con- 


genital kidney anomalies @larshall 


tract may be present (Grob; St@mm- 
ler). Bh fact, in cases in which “opera- 
tion or autopsy has not been done, the 
exclusion of other malformations can- 
not be regarded as very well founded 
(Herezee et al.). 

Of our cases 15 were autopsied, and 
the remaining) 4 were operated on, 
alteradequate general and urological 
preoperative examination. Conse- 
quently various associated congenital 
anomahes, many of which were in- 
compatible with life, were fougd in 
large numbers. 
“gnomalies confined to the contra- 
lat ralskidney in addition® to the mul- 


licystic side were found in 4 cases: 


< : 
agenesis of the contralateral kidné@y 


' ' . e-) . . 
(‘Caw 6); hydronephrosis (Case 41); 


oo 


es 


multilocular cystic kidneye (Case l 8); 
dysplastic kidne® (Case 19). 

In addition to multicystic kidney 
there were gther anomalies both in and 
outside the “urinary system in 3 cases: 
bilaterab multicystic kidney, double 
uterus, and cloaca (Case 7); agenesis 
of the contralateral kidne¥, patent 
uraghus, absence of®the contralateral 
testis, the ipsilateral test being 
attached to the anal 
atresia, and bilateral dislocation of the 
hip (case 10); hydronephrosis on the 
contralateral bilateral un- 
descended destis (Case 17). © 


cystic mass, 


side and 


Anomalies only outside the urogenital 
\_ a . . i) ‘ 
@rgans in association with multicystic 


>kidfiey were found in 7 cases: oesoph- 


ageal atresia (isolated) in 2 cases (Case 
2 and 16); oesophageal 
tricular septal defect of the heart, 


atresia, ven- 


transposition of the aorta and the pul- 
monary artery, open ductus arteriosus, 
and accessory spleen (Case 4); oesoph- 
ageal atresia, anal atresia with a recto- 
vaginal fistula, and nfiltiple spleen 
(Case @l2); ggsophageal atresia, and 
bilateral defect of the radial and first 
metacarpal bones (Case 13); isofated 
patent 
accessory spleen (Case 


arteriosfis (Case #15): 
14). 


ageal atresia was the gommonest of 


ductus 
{ lesoph- 


® . . . * 
the condurrem malformations, being 


present in 5 cases. 


No associated anomalies were noted. 


e - g & . - } 
in 9 patients (Cases 1. 3. 5. 8 and Q). 
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Fig. 
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CasB 12. A primitive tubulus ‘lined with 
a polypous superciliated epithefim and surrounded 
by a thick layer of embryonic connective tissue. « 200. 
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Case 5. A primitive tiibulus surrounded 
by undifferentiated connectige tissue. The epithelium® 


is superciliated. » 200. 
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Fig. 12. 


tissue. On thegright large blood-filled vessels. 


Fig. 14. Case 13. A prifnitive tubulys. « 200. 
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Case 10. Two primitive tubules fre seen at 
the bottom of the picture. They are surrounded by a 
concentrically arranged layer of primitive connective 
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ier). fhe stimulus from the ureteral 
hud is essenBial for Slomerulug and 
tubulus formation from the meta- 


nephrogenic tissue. and no case has 


s ‘ ‘ 
ever béen reported in which the renal ¢ 


pwenchyma existed without a uréter 
(Potter). If the ‘ureter agd the renal 
pelvis were arrested in some phase of 
their development, the mags Capping the 


tip of the ureter in such an instance is 


not ® kidney and does nof contain 
glomeruli or the proximal tubules of 
the nephron (Cicchino). On the other 
hafd, there are no descriptions of a 
normally developed ureber or a ureter 
the kidney 
renal cortical tissue 


which had“@divided into 


pelvis without 
(Nierenrindengewebe, 
When a ureter is present, thgre is 
always some semblance of kidney tissue, 
althou@h it may be only a rudimentary 
mass weighing a few milligrams (Bot- 
ter), the 


formgd may tontin glomeruli and 
© 


aplasti@ kidney thus 


and V 
tubuli if? varying quantities. 
The of the 


deVelop as numerous branches from 


arteries mesonephros 


dhe aorta in the course of appedfange of 
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new mesonephric nephrons. These 
branches develop and atrophy cor- 
responding to thee developing caudal 
and atrophying cranial mesonephric 
nephgons. The venous blood from the 
mesonephros drains through the devel- 
opigg cardinal and sub-cardinal veins 
(Patten). From its original pelvic*posi- 
tion the kidney moves cranially whyle 
still in its formative stage (Bremer). 
The actual ascent of the kidney is only 
3—4 somites, and is mainly due to the 
straightening of the spinal curves and to 
the growth of the vertebral bodies (Bre- 
mer). 

. @ : : @ 
receives Its main arterial supply from 


During its travel the kidney 
the mesonephric arteries, making n&w 
regional connegtions and losing old ones 
(Bremner). The final renal artery devel- 
ops from afi enlargement of %ne @ the 
periaortic capillary plexuses (Bremer). 


In other reviews the final rend artery is®e 


sad to develop from one of the meso® 
nephric Arteries (Kempt; Funfack), SO 
that when in its final site the kidney is 
stilP supplied by severgl arteries, one of 


which remains after the atrophy of 
© 
the others. 
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The develoyfnent of the hun&n blastema (Potter) caudally of — the 


kidney is usually thought to havé three 
different pases (Potter: Bremer 1957). 
The pronephros is visible in the be- 
eal . @ 
ginnin® of the 4th embryonic ‘week. 
The ®arlier pronephric@ub®@li begin to 
degenerate, kefow theSast ones appear. 
Vesicles and tubuli continue tS de 
formed in the regien caudal to tlt, pro- 
nephros and to be attached t®the duct. 
The prolongation gf the pronephric 
duct, 


called the mesonephric @rygt, 


reaches the, cloaca at the end®of the 
ith week. By the 6th week the meso- 
nephros forms a pair of ovoid organs 
heart to the 
extreme posterior portion of th® body 
cavity (Patten 1948). The mesogephric 
tubuli mostly degenerate by the 8th 


the 


eveek. Some, however, persist in the 


ce) ™) 
female as a few vestigial structures 
gfepoophoron and paroophoron) adjoin- 
ingethe gonads. In the male a part of 
the tubuli persist toform the epididymis 


(Potter). The m@sonephric dutt be- 


comes the ductus deferens in the male® 


the 


as a 


oth 
bude from each meso- 


During week the® ureter 
appears 
nepbric duct@near its point of entrance 
into the The bud 
grows cranially and terminates as a 
blind pouch to form thé renal pelvis. 
The pelvis is partially nclosed by a 


urogenital sinus. 


mass of mesodermal tissue, “known as 
the metanephrogenic tissue or renal 


© 


mesonephros, at the level of 2nd and 


drd sacral segments (Campbell). Bye | 


division and subdivision of the renal 
pelvis in the metanephrogenic blastema 
calices and minor calices are formed, 
From the minor calices several gener- 
ations of branches arise succeSively to 
form the collecting t®buli. At the tip of 
‘ach collecting tubulus a tubular struc- 
Sure, the uriniferous tubule, is formed. 
At one end of the latter a Slomgrulus Is 
f#med, whilst the other end unites 
with the collecting tubulus (Potter; 
Bremer). Differentiation of the 


generations of Griniferous tubuli and 


hew 


glomeruli takes place only as long as 
the preceding generalions assume a 
definite form (Potter). Normally the 
12 
generations of branches. ‘This branching 
| ! S 
continues until birth or later (Bremer). 
‘The ts 7) if * tice > cives rise to 
1e metanephrogenic tisgpe gives rise l 


collecting tubuli give off about 


an equal number of generations ol 
glomeruli. In the fogtal kidney of the 
Atter part of pregnancy various devel- 
opmental stages of glomeruli “can be 
seen, the youngest near the suPlace, 
the functional ones near the’ pelvis 
(Bremer). 

Usually the differentiation of renal 
parenchyma from the netanephrogenic¢ 
blastema is thought to depend on the 
stimulation caused by the ureteral bud 


(Potter; Bremer; Campbell; Staemm- 


| 
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ment or may be secondarily disturbed 
after normal differentiation. 

In conclusion, a rather wide djver- 
gence of opinion seems to exist as to the 
origin and the etiology of the multi- 
cystic kidney. This, we think, depends 
on the fact that most opinions are 
based on very few observations ar on 
adult cases only. Many obServations 
do not exactly seem to refer to multi- 
cystic kidneys, and in some cases no 
microscope or postmortem examina- 
made. 


tion has been 


In discussion on the etgology or 
origin of the multicystic kidney, the 
following are the main details used to 
support the supposed etiology: 

1) the ureter, whether present, rudi- 
mentary or absent; 

2) the blood vessels, whether normal, 
anomalous, rudimentary or absent; 

3) the localization of the multicystic 
lesions; 

1) the absence of other anomalies, 
especially of testis, epididymis and 
ductus deferens; 

2) the various primitive elements; 

6) the of the 


structul®. 


function anomalous 


lhe ureter. The observation that the 
ureter 1s characteristically absent, rudi- 
mentary or atrophic (Abeshouse) has 
been proposed to support the meso- 
hephric (Hennig or metanephric 
(i\@sterhalfen; Herezeg ef al.) origin 
of the n alformation. Nowadays, the 
common conception is still that the 
iormation of the kidney does not take 
piace In the absence of ureteral stimu- 


lation (Sta@mmler; Ericsson &  Ive- 
mark), or thatgin the absence of the 
e ) 
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ureter*the metanephrogenic tissue does 
not & diffefentiatee (Funfack; Boyden 
1932). In many cases, dowever, in- 
cluding all ofr case glomeruli have 
been found in the parenchyma even in* 
the instance of total absence of the 
ureter. The tubular structures resem- 
bling a thought to be 
remnants of the ureter (Herezec ef al.) 
which, after exerting its stimulating 
effect on the metanephrogenic blastema, 
had secondarily atrophied or become 
obliterated et al.; 
Klosterhalfen). Had secondarily atro- 


ureter were 


(Kempf; Herezec 
phy occurred, some atretic ureter, at 
least, or a® atrophied fibrous cord, 
extending from the bladder to the hilus 
of the bunch would be expected to 
remain, especially in the newborn. No 
trace of a ureter could be found, how- 
ever, in our Case 17, in which the ureter 
ended blindly at the pelvic brim, and 
in Case 10, in which the uretg was 
totally missing. Similarly, the ureter 
must have been completely absent in 
cases in which even the ureteral orifice 
and th® corresponding half of the 
trigonum missing (Williams). 
From these observations we can only 


were 


conclude that similar multicystic dys- 
plasias do occur in cases of total primary 
of the 
where a normal ureter is present. The 


absence ureter and in Cases 
defective development of the meso- 
nephric, as well as of the metanephric 
blastema might be capable pf producing 


the multicystic dysplasia of the kidney. 


The blood vessels. Missing hilar vessels 


are adduced as evidence in 


support of the mesonephric origin of 
the multicystic kidney (Ultzmann; 
© 


strong 
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theories of the etiology of the cystic 
kidneys are those proposed by Hilde- 
brandt (1894) and Kampmeier (1923). 
Hildebrandt that 
nephric parts of the nephron fail to 


suggested meta- 
establish communications between parts 
derived from the collecting tubuli. 
Later, the etiology of the multicystic 
kidney (Spence; Weinberg ef al.), as 
well as of polycystic disease of the 
kidney (Abeshouse) has been explained 
by this theory. Kampmeier has tried to 
explain polycystic disease in terms of 
cystic degeneration of early generations 
of nephrons. In Spence’s opiniofi this 
theory fits the »true polycystic kidney». 
Qn the other hand, Potter states that 
this process of cystic degeneration has 
not been proved. Hepler (1930) pro- 
duced rabbits by 
coagulating tubular openings and ligat- 
ing the corresponding branch of the 
renal artery. According to 


simple cysts in 


Spence, 
Hepler’s theory best explains multi- 
locular cyst formation in the kidney. 

Potter, on the basis of her 50 cases 
of polycystic kidneys, most of which 
‘an be considered to be cystic dys- 
plasias (»in which the connective tissue 
is increased»), found nothing to support 
either Hildebrandt’s or Kampmeier’s 
theory. She suggested 6 different etio- 
lSgical possibilities and did not see 
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General review. The mos popular @any justification for attempting to 


explain the origin of all types of poly- 


cystic kidney on the same _ basis. 


Staemmler, too, doubted whether al! . 


cystic kidneys have the same patho- 
geneses. 

In the recent reports and reviews 
of the German literature, comprising 
mainly adult cases (K®sterhalfen; 
Funfack; Bibus 1954, Kempf) both 
pronephric, mesonephric and meta- 
nephric origins of the multicystic kid- 
ney have been proposed. Abeshouse, 
however, did not see anything to 
siipport the view that these congenital 
anomalies are due to the defective 
d@velopment of the most primitive kid- 
ney from the early embryonic period. 

Goodyear, & Beard (1948) and Fink 
el al. suggest that the cysts are dilated 
calices »as a result of failure of union of 
the primitive uf€ter and the meta- 
nephrogenic blastema». The multi- 
cystic condition, however, can in no 
way be considered as a hydronephrotic 
process (Spence et al.; Abeshouse), 
although, on the other hand, rather 
similar changes are often found in 
infants dying of lower urinary tract 
obstruction, gwhich may prevent the 
maturation of later generations ol 
nephrons (Williams). Potter mentions 
that a part or all of any kidney may be 


arrested at,any stage of its dévelop- 
. 
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98. days gestation. Organogenesis of 
the genital ridge and the sple@n is gt 
%.) days. Concluding from asSociated 
anomalies of this kind present in our 
material it seems probable that the 
disturbance occurred about at these 
times. This is supported by the case of 
Lipton et al. in which maternal rubella 
at 2 months’ gestation was the probable 
cause of multicystic kidney. 

The various primitive structures in 
the parenchyma of multicystic kidney, 
called foetal structures (Marshall 1953)¢s 
developmental (Johnson & Anderson) 
or embryonic remnants (Spence), or 
vestigial structures (Cicchino ef ail.), 
have usually been understood to be 
derived from the metanephric blastema 
or the ureteric bud (primitive tubull). 
The similarity of the primitive tubuli to 
Wolffian duct remnants (Ericsson; 
Ericsson & Ivemark) or the epididymis 
(Cicchino ef al.) might suggest. the 
mesonephric origin of the multicystic 
mass. At all events, these dysplastic 
structures are to be considered as 
persistent foetal tissue and not as 
secondary changes, because they do 
occur in the foetal kidney indepen- 
dently of a superadded pyelonephritis 
and because they are often associated 
with congenital anomalies (Marshall 
(993). 

Function. The content of the cyst 
‘uid in the multicystic kidney (Abes- 
.ouse; Staemmiler) and in the simple, 
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multiple and multilocular cysts (Glaser 
1952) is said to be non-urinous, although 
some writers (Weinberg ?/ al.; Coppridgé 
& Ratliff) describe the fluid obtained 
from a cyst as being urine-like. In 
some of the cases of our material (Cases 
8, 14, 15 and 16) the cyst fluid was 
analyzed in regard to some of its com- 
ponents (Parkkulainen & Visakorpi 
1999). In the 
amino acid content of the cyst fluid was 
determined. It was concluded that the 


one case, moreover, 


cyst fluid, although very variable in 
composition, might be the product of 
glomerular filtration, especially in the 
case in which the amino acid taurine 
was present. in large amounts. As 
taurine is supposed to develop only in 
the presence of functional renal paren- 
chyma, it was concluded that at least 
some of the cysts are conn@cted with 
functioning nephrons. It is impossible 
to say whether these nephrons are 
metanephric or mesonephric, for at 
some stage of development meso- 
nephric and metanephric nephrons have 
a similar function (Patten). 

Conclusion on the etiology. On the 
basis of the facts reported in last 6 
paragraphs it is concluded that the 
multicystic dysplastic kidney is a 
congenital anomaly caused by distur- 
bance in the development of nephro- 
genic tissue during the early phases 
of foetal life, Le. 


months. 


during the first 2 
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© Hennig). It is true that in most adult 
cases no hilar gessels have been noticed, 
partly because secondary ehanges may 
hav taken place (Campbell). But even 
in adults a renal artery of fairly normal 
calibre has been seen (Maluf). In in- 
.fants, okviously, many small vessels 
may escape notice. In some of our cases 
the hilar vessels appeared more or less 
normal, or were smaller than normal. 
Phis strongly supports the meta- 
nephric origin of the multicystye bunch. 
The presence of many small arteries at 
the hilus (Klosterhalfen), on the other 


. hand, does not militate against a meta- 


nephric origin. It is believed that the 
metanephros, during its cranial migra- 
tion, derives its blood supply directly 
from the aorta like the mesonephros 
(Funfack) or from the mesonephros 
(Bremer). Even in its final site the 


e metanephros usually has many arteries, 


one of which develops into the final 
renal artery with atrophy of the others 
(Kempf). Hence it must be assumed 
that only the existence of normal hilar 
vessels affords reliable evidence of the 
metanephric origin of the cystic lesion. 
Secondarily atrophied or anomalous 
renal vessels do not exclude either a 
mesonephric or a metanephric origin. 
In both instances a similar macroscopic 
and microscopic picture has been seen 
in the multicystic mass. 

The localization of the cystic mass 
in the normal kidney area at the level 
of upper lumbar vertebrae has been 
thought to support the mesontphric 
(Hennig) or metanephric (Bibus) origin 
of the lesion. There are, however, a few 
observations on the cystic mass situated 
dystopically at the pelvic brim (our 
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Case 3, the case of Herezec et al.). he 


e) 


metanephros ds said to develop at the 
level of 2nd—otl» sacral segmcnts 
(Funfack) only to gnove upwards later, 
These two cases might support the 
metanephric origin of the lesion, but 
the localization within the norma! 
kidney area does not exclude either 
possibility of origin, especially because 
the pathological picture in the dystopic 
kidney was similar to the others. 
Association of other congenital anom- 
alies has been disclaimed in some 
reviews. Especially the presence of 
normal gonads, epididymis and ductus 
deferens has been alleged to suggest a 
mesonephric (Hennig) or metanephric 
(Kempf; Funfack; Klosterhalfen) ori- 
gin of the multicystic lesion. In some 
reviews the cases in which associated 
anomalies have been present have 
been excluded from this entity (Fun- 
fack; Klosterhalfen). In other reviews, 
associated anomalies have been found 
(Weinberg ef al.). In oure material a 
large number of associated anomalies 
both in and outside the urogenital tract 
were present. Independently of the 
associated anomalies, the gross and 
microscopic structure of the cystic 
lesions was similar in all our cases. We 
think that the presence of associated 
congenital anomalies suggests the mal- 
formative mature of the multicystic 
lesion but does not reveal anything 
about the origin. However, the asso- 
ciated anomalies may give some hint 
as to the stage at which a primary 
disturbance occurred. According (0 
Rugh (1958),°the organogenesis of the 


; af 
gastrointestinal tract and4ts derivatives 


and of the®°meso-metanephros falls at 


: = c 
vv \) 


— 


. Nonfenclature and °Definition 


in the literature a large n&mber of 
names have been given to the congeni- 
tal cystic kidney deformity described 
in this paper. The term most generally 
accepted is congenital unilateral multi- 
cystic kidney (Schwartz; Ravitch & 
Sanford; Spence). In our definition we 
»unilateral» 
because we have 2 bilateral cases in our 


have discarded the word 
material. The bilateral cases reported 
by Longino & Martin and by Hooper, 
showed the same microscopic picture on 
both sides. This is also true in our 
own cases. 

Baggenstoss (1951) has suggested 
the dysplasia to the 
presence of primitive renal elements 
and tissues foreign to the normal kid- 
ney. We have seen these primitive ele- 
ments (primitive connective tissue with 
smooth muscle, primitive glomeruli, 
tubuli, capillary network) 
in all our multicystic kidneys. There- 
lore we should like to add this word 


to Schwartz's definition as the 


term disclose 


primitive 


noun 
dysplasia», which is indicative of the 
early disturbance in the development 
of the foetal kidney. This anomaly is 
undoubtedly congenital. 
We should like to preserve the word 
julticystic because it is very descriptive 
the macroscopic appearance of the 
elormity., 
in accordance what is said above, 
r definition will be as follows: 
Congenital multicystic dysplasia of 
kidney, as a sign of an early dis- 
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turbance in the development of the 
foetal kidney, in microscopic exami- 
nation shows variouseprimitive renal 
elements. Macroscopically it is com- 
posed of cysts varying in size and 
number. Usually the cystic mass is 
found in the kidney area, but it may 
lie dystopically. The cysts are held 
together by loose connective tissue. 
hilar vessels may be _ normal, 
anomalous or absent. The ureter may 
be normal, anomalous or rudimentary, 
and only rarely it is totally absent. The 
renal pelvis is characteristically absent. 
At urography, there is no excretion on 
the diseased side, as a rule. Usually 
other congenital anomalies are present, 
many of which are incompatible with 
life. [The deformity is mostly unilateral, 
but may be bilateral, in which ecase 
both kidneys show the same micro- 
scopic picture. No familial tendency or 
heredity has been noted either in the 
literature or in our material. At a later 
age secondary changes, especially cal- 
cification, appear. 

»Multilocular cystic kidney». A great 


may 


deal of confusion seems to exist con- 
cerning multilocular cysts and multi- 
cystic kidneys. Both terms have been 
used to describe pathologically and 
clinically (Menashe & 
Smith). Campbell does not mention 
but the 
heading of multilocular cystic kidney 


similar cases 


multicystic kidney, under 


he refers to Scliwartz’s case of, in our 


;, ° ‘a 
opinion, multicystic kidney. Others 
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The formation of tubuli in the renal 
blastema begins independently of the 
ureter. At the other end of a tubulus, 
of glomerulus is formed. Despite failure 
of the uriniferous tubule to establish 
union with the collecting tubule (Hilde- 
brandt), glomerular function will con- 
tinue (Patten). Owing to the high 
elasticity of the foetal tissues, the blind 
end of the tubule may be dilated to 
enormous proportions. This accumula- 
tion of urine still continues in postnatal 


life, as proved by analysis of cyst fluid 


® 
in cases with multicystic dysplasia of 


the kidney (Parkkulagnen & Visakorpi), 
The clinical observations that the multi- 
cystic mass grows after birth (Froboese) 
support this postnatal functioning of 
cystic nephrons. Sooner or later the 
increasing inelasticity of the tissues 
causes atrophy of the secreting neph- 
ron&. Consequently in adult life the cyst 
fluid is probably® non-urinous (Abes- 
house). 
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*“\ccording to the above-mentioned chyma. In focal cystic dysplagia (simple 
;, , er ® , * ; 7 
considerations, our principle of classi- « renal cysts) only one or a few dysplastic 
’ ' ™ ~ : e 
fication will be based on the appearance nephrons contribute to the cyst forma- 
of the primitive or dysplastic renal tion, and there is no impairment of renal 
elements in the cystic kidney. The function unless secondarily caused by 
} subordinate grogping may be done pressupe. Of course, there are a great @ 
¢ according to the macroscopic appear- many intermediate forms, e.g. »multipl® 
ance, Which at the same time is also multilocular» cystic dysplasias. So this 
a kind of measure of the severity of classification chiefly takes into account 
the involvement.©In multicystic dys- the clinical manifestations and require- 
plasia the whole kidney parenchyma ments as4vell. In the following table 
* consists only of cysts and dysplastic our classification is presented together 
structures. In multilocular cystic dys- with the synonyms used in_ the 
plasia only one part of the kidney is literature for each particular sub- 
involved, the rest of it consisting of ordinate group. 
fairly well functioning rena} paren- 
j 
TABLE 
Oo 
CLASSIFICATION OF CONGENITAL CYSTIC DYSPLASIAS OF THE KIDNEY 
OUR CLASSIFICATION © SYNONYMES USED IN THE LITERATURE 
) 1) FOCAL CYSTIC DYSPLASIA Einzelzysten, (Staemmler 1957); die solitire Nierenzyste 
| solitary renal cysts, single or (Grob 1957); simple or solitary renal cyst (Spence ef ai. 
| multiple 1957); simple serous (solitary) cysts (Williams 1958) ;soli- 
| tary renal cysts (Campbell 1954). 
2) MULTILOCULAR CYSTIC Multilocular renal cysts (Spence el al. 1957); true multi- 
DYSPLASIA locular cysts of the kidney (Powell ef al. 1951); multi 
loculare Nierenzysten (Grob 1957); multilocular cysts 
(cystadenoma) (Williams 1958). 
) QuLTICYSTIC DYSPLASIA Polycystic disease in which the connective tissue is 
increased (Potter 1952); die aplastische Cystenniere 
; (Grob 1957); die hypoplastische Zystenniere (Staemmler 
1957); congenital multi'ocular cysts (Campbell 1954); 
kystes congénitaux multiloculaires (Lauret 1956); uni 
® lateral multicystic kidney (Ravitch & Sandford 1949); 
multilocular cystic disease (Menashe & Smith 19957); 
© mef&nephric cystic tumour, unilateral polycystic disease, 
°°) retroperitoneal cysts (Moore 1957); renal aplasia with 
. calcified cystic degeneration (Abeshouse 1956); hypo 
plastic multicystic kidney (Longino & Martin 1958); 
© Knollenniere (Bibus 954); Nierenblastemcysten (Kempf 
1°) - —— gon _ 
‘ 1956, Gitter & Hermanek 19957). 
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* (Powell et al; Spence) described very 
exactlyemultilocufar cystic kidney and 
separated it yery definitely from multi- 
cystic kidney both clinically and patho- 
logically. In the cases of Powell ef ai., 
however, similar dysplastic structures 
(smooth muscle, cellular fibrous tissue, 
numerous capillaries, dilated primitive 
tubuli) were described as in our cases. 
Similarly, Boggs & Kimmelstiel ad- 
mitted that in® the 1st case of their 
r@port, a »multilocular cystic neph- 
soma», similar embryonic connective 
tissue and tubular anlagen were found 
as in their 3rd case termed as »multi- 
cystic ‘disease. According to Spence’s 
definition the multilocular cystic kid- 
ney does got seem to differ very much 
from the multicystic kidney except 
that in the former the anomaly is 
limited to one part of the kidney only. 

In this materialgve have had only one 

case of »multilocular cystic kidney» 

© (Case 18). In this case the cystic 

dysplasia was confined to a part of one 

kidney, the other kidney being multi- 

cystic in appearance. In both kidneys 

microscopic examination showed exact- 

ly the same dysplastic structures as we 

have described above. We do _ not 

doubt that the etiology and patho- 

genesis of the malformation are the 

same in both kidneys. Consequently we 

should like to include the »multilocular 

cystic kidneys» under the cystic dys- 
plasias of the kidney. 

Solitary renal cysts have not been 
observed in our material,"but they have 
also been reported to occur in infants 
(Chalkey & Sutton 1943, Grob), 
abthough they are usually foun® in 
adults (Williams; Sirela 1957). Accord- 
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° 
ing t6 Campbé@ll the simple renal | yst 
and multilocular cyst of the ki ey 
»sundoubtedly haves sam@ etiolo. yy. 
Multfocular cysts are said to h ive 
much more in common with the sin. ple 
cysts than with the multicyStic kid ey 
(Williams). Glaser and Spence ef al, 
classify under simple cysts sinvle, 
multiple and multilocular cysts. In 
some of the cases of simple renal cysts 
reported by Sirola primiti¥e elements 
(smooth muscle, primitive tubuli) were 
seen. In addition, 2 out of 9 adult cases 
showed associated congenital anomalies, 
Consequently, we think that simple 
(solitary and multiple) renal cysts have 
the same etiology as multicystic dys- 
plasia of the kidney, and therefore gve 
include them under kidney dysplasias, 

Congenital polycystic disease is said 
to be a well defined entity characterized 
by diffuse involvement of both kidneys 
by innumerable cysts (Spence ef al.; 
Williams). However, most of the cases 
reviewed by Potter are, in fact, poly- 
cystic kidneys, »in which the con- 
nective tissue is increased». The latter 
contain primitive structures (Potter, 
fig 393, p. 373) similar to those seen 
in our multicystic kidney dysplasias. 


Therefore these should be classified 


under cystic dysplasias of the kidney. 
It is possible that there exists, in 
addition, the »true polycystic disease» 
(Spence) or »the polycystic disease, in 
which the connective tissue is normal) 
(Potter) and which does not contain 
any of the primitive dysplastic struc- 
tures mentioned above and therefore 
does not belong to the group of cystic 
dysplasias, 
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In cases of multicystic dysplasia of 
the kidney, nephrectomy isethe only 
treatment possible (Spence et al.; Grob, 
among others). In infants, the operation 
must be performed without delay, 
because it may be impossible to differ- 
entiate between multicystic kidney 
and Wilms’ tumour. Even when the 
cystic mass is found accidentally with- 
out any referable symptoms, nephrec- 
tomy is indicated, for malignant 
degeneration of the multicystic kidney 
has been reported (Gitter & Hermanek 
1957). Before operation the condition 
of the opposite kidney 
examined. 

The operation was performed in 6 of 


should be 


our cases (Cases 5, 8, 11, 14, 15 and,16). 
Postoperatively, 2 newborn infants 
died, one of sepsis (Case 8), and the 
other of complications mainly due to 
oesophageal atresia treated operatively 
S days previously (Case 16). The 4 
surviving patients have done well since 
their recovery from the laparotomy, 
although one of them (Case 11) has 
marked hydronephrosis on the contra- 
‘ateral side. 
The prognosis is said to be good if the 
inction of*the contralateral kidney is 
rmal (Menashe & Smith; Weinberg 
al.). Howewer, of the 19 infants of our 
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series only 4 survived; the contralateral 
kidney was anomalous in 7 cases, and 
normal in 12. The high mortality is 
strongly contributed by the other con- 
genital anomalies, which were found 
outside the urinary®system in 9 cases. 
Of the non-operated 13 cases, anomaly 
of the opposite kidney is considered 
to-have been the cause of death in 4 
cases (Cases 6, 7, 10 and 18); in 4 cases 
the infant died of associated malforma- 
tions outside the urinary tract (Cases 
2, 4, 12 and 15); 5 patients died of 
unassosiated diseases: hyaline mem- 
brane disease (Cases 3 and 19), foetal 
erythroblastosis (Case 17), prematurity 
and syphiljfic cirrhosis of the liver 
(Case 9), and gastroenteritis (Case 1). 
Of the 5 patients in whom the multi- 
cystic kidney was the only malforma- 
tion found, 4 died (Cases 1, 3, 8 and 9) 
but in none of them was the cause of 
death directly referable to the urinary 
organs. 7 ® 

The frequent occurrence of associated 
congenital anomalies greatly impaires 
the statistical prognosis of the disease. 
Where the unilateral multicystic®dys- 
plaSia of the kidn@& is the only lesion 
found, the prognosis will be good after 
su@cessful r@moval of the cystic mass. 
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Multicystic dysplasia of the kidney 
may be so massive as to obstruct the 
delivery of the child (Gayet & Leclerc 
1957). In the majority of cases no 
symptoms referable to the urinary tract 
have been present (Abeshouse), and 
the multicystic mass may not produce 
any symptoms until found accidentally 
in connection with an other exami- 
nation. kh the newborn period a pal- 
pable mass in the loin has been the only 
sign in most instances (Spence ef al.). 
Sometimes by compression the cystic 
tumour has caused symptoms of in- 
testinal obstruction (Froboese; Wein- 
berg ef al.). In a few cases dull pain in 
the loin, fever, malaise, urinary in- 
fection or hypertension have been noted 
(Abeshouse). In most of our cases the 
multicystic dysplasia of the kidney was 
a secondary finding at autopsy on in- 
fants dying 
alies or of unassociated 


of other congenital anom- 
diseases. In 
other cases a palpable mass was the 
main cause for admission. Case i6 
showed symptoms of intestinal ob- 
struction after operation for desoph- 
ageal atresia. 

The diagnosis cannot be made with 
certainty until the cystic kidney has 
been removed, A palpable lobulated 
tumour is very suggestive of this diag- 
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nosis. The multicystic kidney may be 
revealed by transillumination (Wein- 
berg ef al.). The majority of cases in 
which excretory urography was @®r- 
formed function on _ the 
affected side (Menashe & Smith). In a 
few cases reduced renal function was 
observed, but the pathological finding 
was typical also in these instances 
(Menashe & Smith). In none of our 
cases in which urography was _ per- 
formed, was demonstrable excretion 
noticed. Usually the non-functBning 
kidney is presumptive of diagnosis 
(Lauret). In roentgen examination the 
colon may be dislocated forwards. At 
cystoscopy the diminutive or absent 
ureteral orifice may be observed (Wil- 
liams). When ureteral catheterisation 
has been successful, a rudimentary 
renal pelvis or atretic ureter may be 
visualized. 


showed no 


In the differential diagnosis, Wilms’ 
tumour, neuroblastoma, hydronephro- 
sis, true polycystic kidney and other 
should be 
In our 


intra-abdominal tumours 


taken into account. ‘ases the 
diagnosis was suggested by palpatiof? 
in 6 cases. Urography was suggestive 
in showing non-functioning kidney. 
Usually the preoperative diagnosis was 


Wilms’ tumour. 


ef 
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an’ 3 patients had anomalies in anc 


oulside the urinary organs. The ‘most 
common concurrent malformation was 
oesophageal atresia being present in 
) cases. ° 

\fter a, short embryological review 
the theories of cystic disorders of the 
kidney presented in the literature are 
mentioned. In a discussion of the origin 
of multicystic dysplasia of the kidney, 
the significance of the ureter and hilar 
vessels, the location of the cystic mass, 
associated anomalies, dysplastic ele- 
ments and the function of the multi- 
cystic kidney are discussed in detail. 
A probable metanephric origin is sug- 
gested by a normal ureter and normal 
hilar vessels, whereas a mesonephric 
origin is suggested by attachment of 
the testis and epididymis to the gystic 
mass and absence of the ur@ter. The 
macroscopic and microscopic structure 
was nevertheless similar in all cases. 

The anomaly is thougPt to be due to 
an early disturbance in the develop- 
ment of renal blastema, which prevents 
the union of the uriniferous_ tubuli 
with collecting tubuli (the theory of 
Hildebrandt). 

An_ etiological 
classification for certain cystic disorders 


nomenclature and 
of the kidney is presented. All the 
cystic kidneys, which microscopically 
contain primitive dysplastic elements, 
should be classified as kidney dys- 
lasias. Baggenstoss has suggested the 
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term dysyilasia to reveal the presence’ 
. 


of primitive elements foreign to the 
normal kidney. The subordingte group- 
ing is suggested by the macroscoffic 
appearance gol the lesion. | This sub- 
grouping also roughly describes the 
severity of the lesion. 6 

1) Focal cystic dysplasia (olitary 
or synple renal cysts); otherwise normal 
kidney with normal fufiction. 

%) »Multilocular cystic dysplasia»; one 
part of the kidney involved, function 
somewhat impaired. 

3) Multicystic dysplasia; the whole 
kidney replaced by primitive 
nective tissue and cysts, no normal 
functional parenchyma. 

In so far as the so-called (bilateral) 
polycystic kidneys contain dysplastic 
structures, they also should, in our 
under kidney 


con- 


opinion, be classed 
dysplasias. 

Any combination of these typical 
gross appearances is possible. 

The preliminary diagnosis of multi- 
cystic dysplasia of the kidney is usually 
made by detection of a palpable mass. 
Symptoms are mostly due to compres- 
sion of the adjacent organs. Nephrec- 
tomy is the only treatment possible 
provided the function of the contra- 
lateral kidney is assured. Malignanty 
cannot be excluded without operation. 
The prognosis in the newborn period ts 
greatly obscured by a large number olf 
associated anomalies. 
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From the Pediatric Department of 
the University Central Hospital 1%, 
cases of congenital multicystic dysplasia 
of the kidney are reported. No report 
based on the observation of so many 
cases has previously appeared. The 
age of the patients at the time of 
autopsy or of operation varied from 1 
hour to 1 year 8 months. In 15 patients 
autopsy was performed and in all 
except 2 microscopic examination of 
the diseased organ was carried out. In 
the remaining 4 cases, the operative 
specimen was examined microscopi- 
cally. 

The incidence of congenital multi- 
cystic dysplasia of the kidney was 
0.05°, of pediatric hospital admissions 
and 0.5%, of pediatric autopsies per- 
formed during the 12 years period. The 
last 12 cases were found during the 
last 3 years and from this time the 
incidence was 0.085°, of admissions 


‘ . rf . a2 
and 1.3°, of autopsies. The figures are 


much higher than would be expected’ 

from the rather scanty reports. 
There 17 unilateral and 2 

bilateral cases. In one of the bilateral 


were 
cases the multicystic 
limited to one part of the kidney. The 
number of gross cysts varied between 
2 and 20. In 18 cases the cystic structure 
was situated in the normal kidney 


in one it was ectopically af the 
o 


area, 


Summary and Conclusions 


structure was | 


o 
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pelvic brim. The ureter was fairly nor- 
mal in 8 cases, rudimentary or atretic 
in 7 cases. In one case the ureter was 
totally absent. The hilar vessels were 
normal in 3 cases and anomalous in 2 


cases; in the others no record of the 
state of the*hilar vessels was available. 

A detailed description of the micro- 
scopic findings is given. Between the 
cysts the stroma was composed of 
primitive connective tissue, in which 
various primitive dysplastic structures 
were embedded. In the cyst walls the 
connective tissue was dense and inter- 
mingled with smooth muscle fibres. 
The cysts were Jined with cuboidal to 
flat epithelium. In some cysts a pseudo- 
stratified epithelial lining was seen. 
Primitive tubuli and glomeruli were seen 
in all kidneys. A rich capillary network 
was an equally constant finding. In 9 
cases primitive cartilage and in 6 cases 
I¥mphoid accumulations were present. 
Calcifications, often present in adults, 
were not seen in this material, and 
they were therefore considered to be 
secondary changes. 

A large number of associated anom- 
alies were present. Only in 5 patients 
could no associated anomalies be found. 
In addition to the multicystic kidney, 
4 patients had other anomalies in the 
tirinary system, 7 patients had anom- 
alies outside the frogenital _ tract, 
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Clarence Crafoord was born on May terrible’—olt Swedish surgery. A_ few 
‘6, 1899, and seventeen years later he years later and the roads between the 
, iad already embarked upon his career Anatomy Department at Nor! Malar- 
is the infant prodigy—and the ‘enfant strand and Moérby Hospital were being 
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for without heparin, its most important 
instrument, the heart-lung machirfe. 
could®not be used. 

JK. H. Giertz was ¢right—Crafoord 
was a hospital cat or, more precisely, a 
Sabbatsberg cat. He was, like the cat. 
faithful to the house. What was to be 
Europe's first and the world’s perhaps 
most famous thorax “clinic grew up at 
the old hospital. It was, however, still a 
general surgery department; but Cra- 
foord gradually went over entirely to 
thorax work, while that which in the 
Sabbatsberg terminology was referred to 
as “‘the small surgery’ —1.e. ventricular 
resections, nephrectomies, colon resec- 
tions, 1@ctum amputations etc.—was 
managgd by his co-workers. 

In the subsequent years a pioneering 
achievement that will go down in 
surgical history was carried out within 
the walls of the old and unmodern 
hospital. When as the first in the world 


Cyafoord operated on coarctation of the 


aorta he confirmed ore more his DOSI-6 


tion as the foremost name iff thoracic 

surgery. “‘He has the ball” was how the 

situation was described by an American 

thorax surgeon. In the long Sabbatsberg 
, 

cgrridors and swarming round the 


operating table one found a numerous 


anc? extremely cosmopolitan crowd of 


various hues, eagerly gesticulating and 
talking in many tongues. Did this 
disturb the work? Scar®ely! Clarence 
was like a fish in the water in this milieu. 
The next development was the modern 


‘inic for thoracic surgery at Karolinska 


> 
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Sjukhuset. It has grown up, go to speak, 
as Clarence Crafoord’s panoply. It is a 
part of him, gust as the claws, the teeth 
and the manes are part of the lion. 
Indeed, it is the Crafoord Clinic. 

Sixty years is no great age against the 
background of this great life’s work. 
And it should be ‘noted that this achieve- 
ment has by no means always been a 
matter of fair weather sailing. He has 
had many contrary winds to contend 
with, n® least in the form %f three 
protracted periods of serious illness, that 
might have broken down and defeated a 
leg; dynamic per®n lacking Crafoord’s 
devotion to his work. As a matter of fact, 
he has gone forward with gomething of 
the irresistible momentum of a force of 
Nature. 

Clarence Crafoord is now celebrating 
his sixtieth birthday. It is hard to grasp 
that so many years have passed since the 
lanky, long-haired youth, third assistant 
surgeon at Moérby, stood up and com- 
municated his two cases of embolectomy. 
But in the course of these years an 
important chapter in surgical history has 
been written, in which Crafoord is the 
main actor. He has in an unique way 
created an international reputation and 
respect for Swedish surgery. The “enfant 
terrible” of Swedish surgery hasgbecome 
the grand old man of world surgery, 
around whom surgeons from all over 
the world and innumerable patients 
from many countries are now assembled 


to pay devoted and grateful homage. 
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rendered unsale by a lanky, long-haired 
and long-nosed youth, who dPove at a 
tearing speed between these two institu- 
tions on a motor-bike, thus combining a 
post as clerical assistant at the one place 
with a permanent appointment as third 
assistant surgeon at the other. He went 
his own way and was an advanced 
surgeon before his comrades had col- 
lected Their wits to 4 more th@n stare 
in amazement. 

When, as the youngest assistant sur- 
geon at his hospital, he stood up in the 
Swedish Surgical Society and gave an 
account of two operated and surviving 
cases of embolectomy in the pulmonary 
artery, his name went out over the 
world. Bug the old heads of the clinics 
shook their fads dubiously and mut- 
tered to themselves. An ‘“‘enfant ter- 
rible’ of surgery. ® 

It frequently happens to us doctors 
that medical experiences in youth deter- 
mine our future field of work. That these 
two remarkable cases helped to guide 
Clarencee Crafoord’s footsteps to the 
thorny pioneer path of thoracic surgery 
is surely beyond doubt. But another very 
important contributory factor was cer- 
tainl¢ the collaboration with his first 
and Ext and, on the whole, only chief, 
K. H. Giertz, enthusiastically interested 
in thoracic surgery, dynamic and broad- 
minded as a man, as a researcher, and 
as a surgeon. K. H. Giertz was thoracic 
surgery 's first swallow in the North; it 
fell to Crafoord’s lot to carry on the 
work. [hey worked together for a very 
long period, nearly twenty years, and 
the relationship that developed between 
them is best characterized by the word 
symbiosis. [They were dependent on each 


; 
other, though in different ways, and the, 
found strength with each other. A finer 
relationship between assistant and chief 
cannot be imagined." 

This is true even if it naturally often 
happened that K. H. pfotested. Any- 
thing else would be inconceivable with 
such an intense assistant. “Say, which 
of us two is supposed to be operating?” 
one might hear when standing behind 


** 


one of them as a “‘strap-hanger”’. And 
when one went tMe rounds with K. H. 
during Crafoord’s holidays, when there 
wguld be, as it were, a breathing space 
in the department, one might, in spite of 
holidays, see a well-known figure de- 
scending the stairs—two or three at a 
time—to department 6C underground, 
where the thorax cases were placed, 
while K. H. would snort impatiently: 
‘““Crafoord is certainly a proper hospital 
cat!” 

It was during those years that with his 
usual intensity he occupied himself with 
the task of trying out heparin as a 
prophylactic against thrombosis? This 
broadly planned investigation implied 
an adgled burden of work and entailed 
all sorts of vexations for all of US. 6 
remember from this period an occasion 
when I was strugglfmg with a _ prosta- 
tectomy that was bleeding unpleasantly 
and unwontedly. Crafoord was standing 
at the door of the operating theatre and 
looking interested. I was seized with 
a horrikle thought: ‘‘Don’t say you've 
given him heparin?” “I have; but 
that’s not why he’s bleeding!’’ was the 
consoling reply. His interest in heparin 
strikes one now as almost visionary, when 
one thinks of the role this drug was 


destined to play in modern heart surgery: 
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the main reason why so far surgeons appointed? a specfal committee, which 

t . . . . . . a 
have not ventured, with the certainty of confirmed le Roy’s observations. These 
success, into the cavity of the chest, has observations showed that the sudden. 
been the direct risks to life, which have violent injection of air into the lungs 


been associated with such a procedure. 

IfAve study the history of our attempts 
to overcome the dangers of operative 
pneumothorax, we become aware olf a 


peculiar gircumstance; that only very 


recently have surgeons developed the 


method which physiologists, in their 


experiments with animals. have made 


use of for centuries. Moreover, in, my 


. oO ° ° . & 
experiments with animals. this method 
has been found to be absolutely reliable. 

af I he method consists in @ tube her me- 


tically bound into the wichea.. tee 


which airgis rhythmically blown%into the 
lungs with a béllows.e - 
° 

[his technique has been used in both 


France and America: put for diflerent 


#gasons, some of which® ane —_ in- 


So c 
comprehensible inh SO far ‘as himan 


bein8s are concerned, % has come into 
disrepute. ve 

Without detaining you bye going into 
the historic and evolutionary phases of 
the question, I will simply mention the 
lact that 


nO Sar 
artificial respiration for the 


— . . OS = , © 
relief of asphyxia due to suffotation and 


10) 
droWrfing® had already® acqufred a re- 
markable degree of 
early as 1892, when various pumps and 
P O ro’ 
bellows for simple insufflation and for 
combined insufflation and aspirafion of 
the lungs had been devised by several 
: - Oo fo) _ : 
ingenious experimenters. [he practice 


{ artificial respiration by mechanical 


uds suflered a decisive’ setback, how- 
ver, as a result of the exhaustive experi- 
nental research undertaken by le Roy 


i Etoiles in 1829. The French Academy 


10) 
developmefit as 


often caused acute emphysema, rupture 
of the smaller bronchi and laceration of 
the lungs. After this discouraging report, 
nothing was done to advance the practice 
of artificial respiration gy mechanic aids 
until 1845. 


started by Chaussieur and Depaul, who 


when a new movement was 
were oprofessors of obstetrics at the 
Faculté in Paris. But artificial respiration 
by intralaryngeal intubation &nd insuf- 
Hation was relegated alma exclusively 


to th® accoucheur; and nothing vPas 


done to promote its application to the 


emergencies arising in surgery, until 


1897—98, when the rapid development of © 


surgery aroused a new intergst in, and 


created @ degand for, a reliable means 


10) ; . , 
of coynteracting the danger of asphyxia 


© 


and pneumethorax. At that period, 


Tufher and Hal- 
lion, Doyen and posspply 


Quenu andeLonguet, 
Pean, in 


Lggpt, 


© * . . 
realized the possibilities of mecharac in- 


France, and ®Milton in had 
Sufflation, and had made notable ¢xperi- 
mental and clifiical contributions to this 
technique. Buf before S Sauerkruch, with 
the exception of Doyen’s app: iratus, no 
simfle and reliable ®: appli: ince for the 
practice of artificial regpiration had 
Beep devised or put t6 the test of clinical 
PB97 Dr 


Northfup, of the Presbyterian Hospital! 


; ; . © 
experience in Europe. In 


of New York. demonstrated the value of 
the fegenious Fell O’Dwytr 


as an aid to artificial respiration in the 


appayatus 


treatment of opium narcosis and othe 
non-surgical conditions. In 1898 Dr. 


Parham of New Orleans used this ap- 


@ 
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world. 
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On one occasion during his last years ¢ @,At the time of L@nnander’s death, 
and before he was gtricken with brain intrathoracic surgery, among other forms 
embolism, K. G. Lennander, who was of surgery, was nét on a very high level, 
my teachers said to a few of us, his and was chiefly confined to incisions of 


youngest pupils, “How you. boys are to 
be. envied, you®who’ will live to see sO 
many new surgical victories, which | 
victories of which we are 


At 


scare ely 


shall never see: 
at present unable even to dream” 


that time it seemed to me 


credible that his prediction would come 


true—far not only did* I regard *this 
remarkably intelligént &ng skilful man 
° 

with such admiration that, without 


furthereado, I dismissed? the possibility of 


apyone being wble to surpass him, but | 
also undefeyimated his great 


capacity 

S 

to see into yw future. For, in 
° 


many 


respects, hé was before his time and 


. . . ° 
foresaw both wm which’ branches 


medicine, and in what parts, of the 


would he 


development most 


rapid. | recollect how in 1904 he pointed, 


out America as the 


country with which 


we should into touch intel- 


tO vet 


try 


lectually, more than we had done pre- 


viously. 


' From an unpublished, posthumous manu- 
script written in 1935. From 1928 to 1942. the 
author was Surgeon-in-chief of Sabbatsbergs Sjuk- 


hus. Stockholm. 


of 


*empyema and to abscesses of the lung’. °® 


Some solitapy eases ef syiccessful opera- 

tions of both the heart and lungs were 
° 

certainly known through casuistic items 


of information; but ofi the wehole, opera- 


| 9 ee ' 
tions of the organs inside the cavity of 
fe) ° ° o ooe ‘e) oe) eo ° 


the chest were terra incognita; further- 


more, they 


the direct risk to life connected with the, 
Oo ‘ 
oOpegation. ° 
In spite of the progress made during 
| Wis 
pecent years, ap operation upon OLfgagis 
located in the chest cavity is still rather 


' ©. 
rare; and it will probably be quite adong o 
‘ 


>» @ a , 
time Wefore the surgeon will attgck 


. a © » © ‘ ‘ 
orgars, sifuated in this cavity, with the, 


same 
‘deals with Organs in the other cavities of 


the body. ‘Lo a great extent, this is due 
/ () ‘ 


. . a ~ . 
to the fact that diseases of the organs 1n 


% 
the cavity of the chest have not been 


found to respond so readily to surgical 


treatment as diseases, for example, in 


the peritoneal cavity, where, with 


aid of* arfliseptics and anesthesia. 


But 


have 


gained such great victories. 


° | ; 
were feared on account of 
O O 


sureness and persistefice as he 


the 


we 
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. provide more space for manipulation. 


The wall was made partly of balloon 
cloth’ to enable the anesthetist to make 
himself heard. 

lhe 
chamber that has been constructed was 
that Willy 
Meyer in New York. At a very great 


most luxurious low-pressure 


most probably used by 
sacrifice to himself, Meyer fitted up a 
separate department, for intrathoracic 
surgery, with a universally differential 
chamber in which he was able to make 
use of high or low pressure at will. 
Brauer’s high-pressure box 
ereat advance. Here, the patient’s body 


lay fre, and the operator and assistants 


. . . © 
were able to wemain in an ordinary 


operating theatre. Only the patient's 
head and the, armseof the anesthetist 
were enclosed in the box where the air 
was compressed.e Experience proved 
that, in spite of all Sauerbruch’s theo- 


; ° ee ° e ‘ 
‘retical objections eto the high-pressure 
° 


process, it could function just as satis- 


' 7 O ° 
factorily as the low-pressure method. 


Many different kinds of high-pressure ® 


appa,atus were now introduced. In some 
of these, e.g. 1 Engelken’s appparatus, 
the anesthetist is placed in the high- 
pressure box. The technique was con- 
siderably improved whem Tiegel showed 
that Sauerbruch’s process could be just 
as readily applied by placing an airtight 
mask over the patient’s mouth and nose. 
ihe patient was allowed to breathe, 


through a mask, air or oxygen under 


nereased pressure. A large number of 


uch apparatus were now designed and 
made; the best known of which in Eu- 


pe are probably those devised by 


iegel, Lotsch and Mollegaard. 


In 1908 


Samuel Robertson of the 


Was a 
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Harvard Medical School used a positive 


pressure apparatus with a mask fo 


operations on dogs. 

In spite of the greater convenience 
and ease in handling the high-pressure 
apparatus, and although experience 
showed that they were practicable, the 
old, debated question of the physiological 
low or 


superiority of high 


remained unsolved. ° 


pressure 


The researches conducted by various 


, O 
investigators seemed to the 


fo) ne 
absolute superiority of low pressure. Con- 
m™ - fay 


indicate 


sequently, after visiting the foremost 
clinics in Germany and Switzeygland 
where lung’ surgery was practised, in 
1912 I constructed for my hospitale a 
low-pressure chamber, making use of the 
mask type. In this way I obviate all 
the disadvantages. and drawbacks _at- 
taching to Sauerbruch’s method, where 
ventjlation is far from ideal, and the 
difference between ehigh and low pres- 
sure must be nil. : 

In 1910 Meltzer.and Auer reported de 
new ventilation method from America, 
Which, according to the inventors, was 
based oft entirely new principles? An 
ordinary catheter® 22-24 is inserted into 
the patient’s trachea so far that the 
point is a few centimeters above the 
bifurcation of the trachea. The catheter 
is connected with a blower which forces 
in alr under a pressure exceeding that ol 
the atmosphere by about 24 mm of 
mercury. In this way, the air that 1s 
blown into the trachea turns and passes 
out at the sides of the catheter. According 
to the first statements made by Meltzer, 
the ventilation was so good that respira- 
tory movements would cease. [his was 


not confirmed. The patient spill breathes. 


Oo 


14 + K. H. 


So -;: : : 

paratus with great success in removing 
o 

a very large tumor of theechest walls. 

Dr. Rudolf Matas of New 


whose signifitance for the early develop- 


Orleans. 


ment of thoracic surgery cannot be too 
highly estimated, published in 1902 a 
paper on artificial respiration by direct 
intralaryngeal intubation with a mod- 
fied O’Dwyer tube and a new graduated 
air pump, in its application to medical 
and surgical practice. He had no op- 
portunity to try the apparatus in opera- 
tions on human beings. 

The entire question of. the possibility 
of operating on the thorax without 
endangering life was given a 
impetus by “Sauerbruch: in 1904. The 
renowned German surgeon, who is 
now practising in Berlin, was then a 
‘young ‘assistant to the great Miculicz in 
Breslau. Miculicz was interested in the 
problem of extirpating tumors of the 
intrathoracic part of the oesophagus. In 
order to be able to do so, the problem 
of sufficient ventilation, in spite of an 
open pneumothorax, had to be definitely 
and Sauerbruch was 


solved; young 


entrusted with this task. @ 


by: * trying, 


Sauerbruch started out 
during the operation, to restore the» 
physiological difference in both the 
external and internal pressure on the 
thorax, which is disturbed by opening 
the thorax. He endeavoured to ac- 
complish this by constructing a chamber 
enclosing the thorax of the experimental 
animal, in which the air pressure was 
reduced, whereas the head was allowed 
to breathe air at normal pressure, 
through an opening in the wall. Vice 
versa, the head of the animal could be 


placed in a bonnet, in which the pressure 


2 


fresh ° 


GIERTZ oO 


© 
was higher than that of the surroundin 


atmosphere. 

Irrespectively of whether a pneumatic 
low-pressure chamber or a high-pressure 
box was used, it was found that the 
experimental animal was able to breathe 
spontaneously. By this process the im- 
mediate risks to life were obviated, and 
operations within the thorax could be 
performed calmly and without giving 
rise t6 anxiety. Sauerbrucheconsidered, 
in the light of his studies and experi- 
ments, that the low-pressure process 


was the more important physiologically 


: ? 
eand could be applied without danger. 


Consequently, he designed. a_ large 
pnefimatic chamber, which was installed 
at the Breslau Surgical Clinic. 
patient lay inside the chamber with his 
head protruding through an opening in 
the wall. A rubber neck-cuff was placed 


around the patient’s neck to secure 


Oo —_ ° es 
. airtightness. The operator, assistants, 


and nurses wete inside the chamber, 
e) ; : " 

where the air was rarefied by means of 

an’ electric fan om pump. Buf such a 


chamber entails» considerable drawbacks 


and disadvantages. The patient is at- , 


° ° . 
tached to the wall by the neck-cuff ‘or 
collar, and ts difficult to move during the 


operation. The free space available for 


the operator and assistants is restricted; ° 
9° 


the heat in the operating chamber is 
: ° 

considerable, and the operator and the 

oO 

anesthetist are separated by a wall,and 

. ee or 

find *it difffcult to 


mutuaily understood. 


make themselves 

Sauerbruch simplified his chamber so 
“4 

that it could be transported. The opening 

for the neck could be made to vary for 

different heights. The wall fearest to the 


patient’s head was prolonged so as to 
& 


The ; 


o | 


| 


Q 
ej 


© DEVELOPMENT ©F RESPIRATORY APPARATUS FOR THORACIC SURGERY 17 
j | ° 
sure should be performed with the ut- intrathoracic pressure impedes ‘“‘the 
i | es : 
most care when both pleural cavities physiological suction” eof blood from 


be opened. When differential 


lave 
ieatb | is used, it should be carefully 
observed that the other pleural cavity is 
not opened. 

just 


entered against the statements by other- 


° ‘é€ . “ 
as strict a warning must be 


wise competent lung operators, that, on 


the whole, arrangements for ventilation 


° 
need not be made in intrathoracic opera- 


®o . 
wons. 2 © 


“——— 
Because of lowered ventilation, even 
a) 
with proper handling, and of quite in- 
resulting from 


sufficient ventilation. 


wrong, handling, there is a danger in 
differtntial-pressure respiration, which 
it 
suspicion of lack 6f ventilation, to adopt 


makes necessary, on the slightest 
ineprolonged operations possibly to 


resort to—prophylactic measures. This is 
co) , ° 


done by closing the thorax by oxygen’ : 

respiration and ‘intermittent superpres-¢ 

sure respiration which is éasily estab- 

removal of the 
‘mask. Witte an adequate knowledge of 

e its deficiencies and of the means to be 

it 
° 


nevertheless, possible in pleurotomies to 


lished by the rhythmic 


adopted® against these dangers, 1S, 


make use of the differential-pressure 


e process.’ 


There js still another drawback or 
the detrimental eflect on @ 


With a closed 


disadvantage 


te 


thorax. 


minor k circulation. 
° 


a rising superpressure causes a 


oO . . . . . 
‘ising intrathoracic pressure, which leads 
0 a compression of the capillaries of the 
o 


ing, with ensuing increased pressure in 
°o 

es Sige 

ie right ventricle or pulmonary artery 


spectively, a diminished current speed 
rough the pulmonary vessels and a 


swered aorta pressure. The increased 


os ee - Sallam ee i 


~ — 


‘by 


the periphery to the right ventricle of 
the heart, and constitutes an obstacle to 
the diastole of the heart. 

With high degrees @f differential pres- 
sure and a closed thorax, these pheno- 
mena are a real danger. 
 ~weak heaft. 


at least for a 
of dif- 


ferential pressure, they are, according to 


With low degrees 
my experiencé, not dangerous. ; 
Since, by animal experiments, I had 

learned to underst: and the insufficiency, 
and dangey of differential- -pressure res- .¢ 
piration, | preceeded to try to find 
reliable method. The ventilation method 
which I recomfnended in 1916 was the 
old process cdhsisting in the rhythmic 
injection of air, which had been used by ° 
physiologists. Nevertheless, it has been 
unfairly discredited in respect eof opera- 
tions on and in to 


animals; ‘regard, 


human beings,.it has been applied only 
@ 

. @ 
of exception. However, 
& 


; e : 
experimental operations go to preye 


way my 
that thé method is clinically practicable. 
if 


does 


It. provides safe ventilation, and, 
methodically and properly used, 
not involve any danger. ; 
. . ° 
I used a‘*meodified Lotsch superpres- 
a . 
sure apparatus, in which the air current 
was interrupted from 8 to 16 times a 


minute. The volume of compressed fire 


The 


most important feature Of the method 1s. 


was, regulated by a slide-valve. 


e nh 
4 properly located* intrathoracal tulve, 


which must clase tightly in the trachea! 


walls..I obtained a suitable tube of this 
Y - 
kind by adjusting a distensible rubbe: 
balloon round the laryngeal end ol 
Kuhn’s intubarim. BY means ol pre- 
warmed and water-saturated air injected 
e) 
o 
o 


i i i i ee: 


——— « = an 


lh , 


although the respiratory movements 
may be very slight. Moreover, according 
to Meltzer’s first report, therg would be 
no need to interrupt the air current. 
The 
Sweden as a suitable means of producing 


Other 


infused together with the air; 


method was widely used in 


general anesthesia. vapors are 
and ex- 
periepce has shown that in this way a 
calm condition under narcosis is obtained 
with only a slight consumption of ether; 
and vomiting or post-operative compli- 
cations But .the 

involving an open thorax, as first des- 


has not proved effective, since 
° 


are avoided. method 
9 
— 
cribed, 
ventilation “is inadequate unless the in- 
coming and outgoing current of air is 
interrupted, in order to give the lungs 
2 | 
time to collapse and to exhaust the air 
the 


result of these considerations. theenethod 


from lung-alveoli. Finally, as a 
introduced by Meltzer and Auer is only 


a modification of physiological, artificial 
© ° 


respiration. 
It was indubitébly’ S Sauerbriich who 
inspired thoracic surgery with new life, 
when in 1904 he intreduc ed diflerential- 
pressure ‘breathing. * ° 
Respiration under ‘diflerences in pres- 
sure, when properly carriedeout, removes 
the immediately 


dangerous pneufno- 


thoracic sympt®ms; but ventilation is 


° . - 
only adequate under certain conditions. 
In 


many cases ventilation Is quite in- 


*The 


about. the 


sufficient. and en retore di ingerous. 


longstanding controversies 


diflerent) physiological values of the 
: | 


various, diflerent lal-pressure met Rods. 
may having 


1914 


viewpoint 


perhaps be regarded as 


been settled by researches in 


16. 


my 
From a_ physiological 


both processes are satisfactory. 
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Now that the question may be con- 


sidered as settled, we need only take 
into account the practicability of the 
different apparatus. From this point of 
view, the high-pressure apparatus are to 
In fact, other 


be preferred. apparatus 


are now hardly used. 

But &Ven*when using a well-designed 
and constructed high-pressure apparatus, 
an operation within the thorax is by no 
means free from all danger. ‘Thorough 
familiarity with the physiological chan- 
ges, which are brou&ht about by the 
differential-pressure process in respira- 

© ec ° (2) 
tion and circulation, is required if 
high-pressure apparatus is,to be used 


. 7 . ° . 
in thoracotomy without any risks being 
© ° ° ° 


° © 
differential-pressure 


involved. 
In 
°” . r a 
even when the thorax is closed. ventila- 
/ _@ 
tion is already detrimentally affected. 
f*) 
After 


tainly 


° 
pleurotomy,’ ventilation is cer- 


made ° possible, gbut is greatly 
reduced. In differential-pressure respira- 
tione the lurigs follow, aS in ordinary 
respiration: , the mov ements of the thorax. 
On inspiration the thorax is enlarged 
and air is forced through the trac hea. 
In open pneumothor ax @specially, *if on 
or still worse on both sides 


s® that 


one side—« 
there is aevide theracic defect. 
there is air, to any considerable extent. 
between the lung and the thorax or the 
diaphragm fespectively, tae lung does 
not follow the thorax, and ventilation is 

slight that a direct risk of asphyxia 
arises. A yery serious warning must be 


o~ a 
uttered against the belief that every 
° 


danger to life, in bilateral pleurotomy, 1s 
eliminated? through differential-pressure 
would advise 


respiration. | earnestly 


that operations under differential pres- 


‘ breathing, 
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‘ntrathoracic work with either unilateral 
or bilateral open pneumothorax, and 
without any respiratory labor being 


required on the patient’s part. Further- 


"more, the length of each inspirator in- 


jection and expiratory exit of gas,ethe 


length of each interval between these 
two operationg and also the quantity of 
gas which 1s introduc ed with each injecs 
tion, are @xactly regulated by mechanical 


° 
means. It is part®&cularly important that 


the expiration phase is not the oeso- ° 


phagus, larynx, trachea and the bronc a 


to be operated upon. eln those cases 
where a flow of secretion may be ex- 
pected fyom the whole or fron? parts of 
the diseased lung, the bronchi, through 
which the outflow may be expected, are 
closed with a narrow gauze swab dipped 
in pantocain and inserted through a 
bronchoscope. Such shutting-off of a 
whole or a part of a lung will surely 
prove of great importance, sinc® the risk 
of postoperative complicatiens arising 
from the diseased patts of the lung is 
reduged to a great extent by the,eflective 
prevention of aspiration affecting the 
sound side during the operation, In 
unfnfected cases, the tube is jnserted as 
soon as the surface anesthesia is com- 
plete; and in infected cases, when the 
bronchial swap is ready. It is important 
that the surface anesthesia. is really so 
complete’ that no irritation occurs when 
the narcpsis tube is inserted°and the 

AC hea i is made® airtight by pumping up 
the rubber bladder. Otherwise | the 
patient is disturbed and does not sleep 
quietly, = 
When the spiropulsator is connected 
the patient, who has been carefully 


fo . . . 
instructed respecting the way in which 


| Sa a, — eee eee a OI BI 
- — = 


the apparatus works, as a rule he settles 
down almost at once to the automatic 
changes of pressure, and his own spon- 
taneous breathing ” ceases. The gas 
mixture that is employed at present 
contains 7.5% of oxygen (O,) and 92.5 %, 
of nitrous oxide (N,O%. 


frequency is 25-35 per minute, and 500 


The fespiration 


to 600 cc of gas are consumed for each 
respiration. The gas mixture is warmed 
to SO° or 35°C,®%and is saturated with 
steam before being’ administered to the 
patient. ‘Our patients dropped off, to 
sleep immediately after drawing a Few 
breaths. Subsequently, they had no 
disagreeable memories whatsoever in the 
form of asphyxia sé@nsations, nausea, etc. 

Some patients reached, after a few 
minutes, an intoxication stage *with 
strained muscles; and their own respira- 
tory movements often counteracted the 
impulses of the spiropulsator. We were 
then forced to administer evipan or a 
little ether, and the supply of oxygen 
had to be increased. Nevertheless, in the 
majority of cases we have succeeded in 
obtaining a non-reflexive, calm narcosis, 
wath reliable, ideal ventilation. It must 
also be borne | in nfind that, on the whole, 
an extremely pr®found and reliable 
narcosis is required in intrathoracic 
operations, where’it is of-the utmé@st 
import&nce that the patients are so pro- 
foundly anesthetized that @eflexes are 
entirely suppressed, which are released 
° especially in dissection around the lung 
hilus, and whic h are dangerous for the 
organs of circulation. There are two 
disciplines closely allied with surgery, 
which it is imperative that the chest- 
surgeon either masters himself, or in 


respect of which he can depend on the 


oO 


& 
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a 
at the proper pressure by a safety valve, 


. 2 ; 
all dangers—formerly believed to be 


attributable to rhythmic injection 
were overcome. 

The only drawback connected with 
this method is the necessity of intubation; 
) | a i thin 
this did not present “any difficulties 

however. @ @ 
rin ® 
[he method has two great advantages, 
® , 
which more than compensate for this 
. @ , 
slight drawback. Even when there is a 
bilateral open pneumothorax, where, 
° | 
moreover, the two thgracic walls are 
removed, ventilation is perfectly reliable, 
and we avoid any injection of air into 


the stomach, which, as clinical experi- 


ence with diflerential pressure and mask? | 


© ; 
has shown, entails a direct danger to 
, _ 6 
life. At that time 


war—the design of the distensible rubber 


it was during the 


balloon, in which the tube had to Be 
plac, presented insurmountable difl- 
ficulties; and consequently, the applica- 
tion of the method in the clinic had to 
be postponed. © 

In connection with the tests made to 
perfect a method for the operative 
) ee 
removal of oesophageal cancer, in 193] 
closer co-operatign was inftiated bet- 
ween the oto-laryngological departigent 
and my surgical departmerft at the Sab- 
batsherg Hospital. Gunnar Holmgren 
suggested that Paul Frenckner. and” I 
proposed that Clarence Crafoord, should 
° . : , & 
participate in this co-operation; and the 
results, of which I shall nowegiv® you a 
brief accoung, are mainly the outcome 
of this collaboration. When working on 
some other project, which led to the 
of 


bronchospirometric method of examina- 


development the very important 


e . . , 
tion, Paul Frenckner designed a tracheal 
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a . 
tube which, when inserted into tie 


trachea or bronchi, can be made airtig} it. 
This tube is introduced by the aid of 
direct tracheoscopy, and can? be very 
simply manipulated by ‘an experienced 
practitioner. It is gwing to Frenckner’s 
energy that thoroughly“good gubber has 
been obtained for the distensible balloon; 
and the problem Sf devising a relialge 
method of ensuring airtightness has been 
satisfactorily solved. We have ® gained 
sufficient experimenta, and clinical ex- 
perience to be able toesay that his tube 
functions perfectly; and ethat without 
causing any inconvenience, other than a 
.@ oe 
slight hoarseness, it can lie in posftion 
for two hours or longer. With this tube 
and the ghythmic injection of air, we 
get, in both experiments and operations, 
a perfectly reliable and®quite harmless 
form of eventilation. Experimentally, 
animals, with complete division of the 
frontal thorax, can be kept alive for as 
long®as may be required. 

* But in collaboration with Anderson, a 
civil engifeer attached to the Aga 
Experimenta! Depaytment, Frenckner 
also solved ghe problem of producing a 
highly effective inhelation gapparatus, 
which he called a spiropulsator. ‘This 
apparatus functions on the same prin- 
. @ ° 
ciples as those adopted in all the Aga 
intermittent lights (for lighthouses) op- 
erated by gas, i.e. varieus valves open 
and clese at differen® pressures, deter- 
mined for each valve in the system to 
which the apparatus is connected. By a 
: | @. @ 

simple grid the respective yalves “are 
adjusted to the maximal and minimal 
degree of pressure required. In this way 
we get a respiration position between 
suitable fo 


two which 1s 


Pressures, 
& 


* 
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The Surgeon’s Cooperation with the Biochemist 
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Some Aspects of Blood Clotting in Surgery 
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[he surgegn of today, and especially the THROMBOSIS AND EMBOLISM 
| | @ 
thoracic surgeon, must be a physiologist i : @ | 
z lhe story of the introduction of anti- 
as well. He has to take into account the : | “iy 
: lye ; coagulant therapy in medicine has been 
nutritional state of the patient, his ay : 
° @old authoritatively by the partifMpants 
| protein, electrolyte and water balance; ¥ | 
themselves, in a @mposium organized by 
for a thoracic surgeon, the respiratory ai ; 
@ Irving S. Wright, New York, and publi- 
and circulatory systems are naturally of oe d 
+ ane shed in the January 1959 issue of Circula- 
: paramount importance, Nofhing, except j @, 
| 7 a iP pete tion. 1 can guage some of the statements 
the introduction of antibiotic drugs, has | . 
Na I then made with r&pect to Crafoord’s 
so much improved the finalg results of 
JE roleGn Phe pioneer work on pepaPin. 
surgery as our increased knowledge of 
. 2) ; ‘ ° nr 
physiology. One of its highly significant ee hs 
F Id h bl 1c] : “Clarence Crafoord, the well-known Swedish 
ieiGs iS that o ood ciotting. ' : 
Q ds is that a . 5 thoracic surgeon, had drawn attention ® himsgll 
[he anticoagulant drugs now make it already as a young man, by his numerous pul- 
possible togreduce the danger of throm- monary embolect@mies, between 20 and 30. 
° ! | 
| bosis and pulmonary embolism. When What could be or yee in such a case than 
| “a to approach a biochemist and ask him t ‘pare 
heparin became available, efficient sy- Mik | | Bnd oz 
; : in a pure state the heparin of Howell, to be tried 


stems for extracorporeal blddd_ circula- 
e tion could be develgped, a prerequisite 
lor advanced lung and heart surgery, 
More often, the surgeon has to deal®with 
the opposite asfect of blood clotting, ig 

, , © 

the torm of blegling conditions, cul- 
minating in situations where even blood 
® tnsfusions and® ordinary hemostatic 
measures are inadequate, and _ specific 
therapy $s called for. To overcome these 


. ° ©) @ 
thrombo-embolic and hemorrhagic c&m- 


Pp cations, the surgeon has to cooperate 
“W 1a coagulationist. 
‘O44 ‘ raroord 
& 
2 
* 
o 


as a prophylactic against pulmonary embolism? 
This v@is, in fact, what Crafoord did in 1929. 
Unfortunately, the only answer we could then 
give him was non possumus, Craloord, at that time 
workgag at Morby County Hospital in the vicinity 
of Stockholm, used to pay frequent visits to the 
preclinical institutions of Karolinska Instit@ter® 
discussing respiration physiology with Professor 
Liljestrand and afterwards dropping in at th 
Chemistry Department in‘an attempt to conyvines 
us of the necessity of making heparin availabk 


In 1935. 
Sabbatsbergs Sjukhus, and ask him to 


we could instead approat hr him vt 
Té | fsiif 
heparin preparations clinw ally. Crafoord imme- 


diately started a series of experiments heparinizing 


4 


ef 


I) T K. 


expert assistance of his colleagues, viz. 
roentgenology and bronchoscopy. In 
fact, the development of thgracic surgery 
is partly due to the astgunding progress 
made in these auxiliary sciences during 
the last ten or twenty years. 

In the great majority of cases, not only 
does the careful, not to say minute, local 
diagnosis depend upon X\-ray examina- 
tions—here, as in other organic investi- 


. . . e. 
gations, injected contrasting agent® are 


1, 


6 
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diagnostically ande therapeutically, in 


e 
ways we could formerly never have 


dreamed of. Consequefitlye as a genega! 
sule, we have the possibility of making, 
before the operation, a biopsy-diagnosis, 
and of @irefully deciding the localisation 4 
and development of the process. But we 
must be prepared for the eventuality 
that ll our diagnostic aids may give us 
incomplete or erroneous information; 


e and hence we may have to resort to our 


° ' ' ; 
made euse of in order to enrich and last diagnostic aid, prebatérY thoraco- 
complete or to supplement the X-ray® tomy. “Today, one might venture to 
: ; . . iO) . . 
pictures-but often our entire diagnosis maintain that expldratory thoracotomy 
12) >) ’ Oo P 
is based on the X-ray examination. —— is no more daygerdus than probatory 
. . ° 
Bronchoscopy has, assisted us both laparotomy or trepangtion. ° . 
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©) 
more per capita than in other Countries C 
blood analyses are practically never 
made. If bleeding occurs, a blood trans- 
fusion or a protamine injection § will 
immediately normalize the situation. 
Many a colleague, less_ familiar with 


oe.0UC Oe CS 


the physiology of . blood” clotting, © is” 
3 anxious t® have the prothrombin time 
determin€d before giving heparin as 
* well. He will be still more confused if the 
blood sample for prothrombin analysis 
is taken after giving the heparin injec- 
tion. Fortunately, no substitute has been 
found for heparin , that could réplace 
> the natural product, and would give rise 
to the same chaotic conditions as those 
| now prevailing in the field of antipro- 
thrombinic drugs. Here, many of the 
mild, short-acting dr ugs are administered 


dn a way which makes one recaW that 


patients used to yecover—and some of 
: them to die—even in the pre-anti- 
coagulant era. 

° © " ; 
® EXTRACORPOREARk CIRCULATION 


® Oo 


° 


Experiments with extracorporeal cir- 
, culation could only be started when 
heparin became available @Kolff, 1946). 


Its multiple action as an inhibitor ef 


“thromboplastin ‘formation, as well as 


font 


of an antitRrombin, makes it an ideal anti- 
coagulant for this purpose. However, 
dffring the course of by-pass, a certain 
amount of heparin diffuses out through 
) the capillaries, and must be replaced at 
intervals, At the end ef operation, when , 
ie heparin is to be neutralized by prota- 
mine, its concentration in “blood must 
| be determined. Fortunately, protamine 
can easily be purified to such a high 
dc vree that it can be given intravenously 


° . a . ‘ 
rpes, Edman & Thaning, 1939). 


For quantitative @etermination of the 


heparin in this case, a special technique ® 


is applied (Blombiack, Blombiack & 
Wallén, 1955; Blomback. Blombiick. 
Olsson, William-Olsson &  Senning. 


1959). The amount of heparin cofactor 


“in human blood is tod low ‘to ’allow pro- 


portionality between heparin content 
and length of clotting time in the in vitre 
fest. The addition of a small amount of 
ox plasma, rich in cofactor, corrects the 
deficiency. 

| e ; 


© ° 


& 
FIBRINOGENOLYTIGC CONDITION® 


» Failing hemostasis is an unpleasant 
corfiplication, particularly if unex® 
plained. Among the most undesirable 
postoperative Complications areethe §bri- 
nogenolytic bleedings unexplained until 
recently, but now known to be due to an 


, ss 6 
enzymatic breakdown of fibrinogen. Deé- 


fibrinogenation through massive intra-° 


vascular clot°formation and peripheral 
embolization has the, same effect. “Che 
clinical features are fairly. well defined, 
and the diagnosis is established hy the 
laboratory tests. 

Here, the surgeon and the biochemist 
meet again, Thus. one day in the*begin- 
ning, of 1955, C ‘rafoord once more called 
upon us, this time asking for pure 


fibrinogen. During a visit to South Ame- 


SF 
rica in 1954, he had lostea patient in 4 


fibrinolytic crisis. the first case he had 


ever seen. Strangely enough, soon after 
whis return to Sweden, the re occurred an 
additional three cases, two of which were 
fatal (Blomback. Blomback, Senning & 


, , & — : , 
Wallén, 1955). Pure fibrinogen was not 


. | “Gir es 
available at that time; the costly pro- 


ducts obtainable were unstable, relatively 


Ko 


¢ 


patients postoperatively. Many an older colleague 
shook his head and expressed his dislike of such 


in which the ‘made 


experiments, patients were 

anyhow, 

° — agr 

heparinized 325 

Per Wet- 
@ 

terdal, of the Gynecology Department of the same, 


can’ 


Leissner of the Maternity Clinic of the University 


hemophiliacs” for a time. Crafoord, 


fulfilled his 


patients postoperatively. 


intentions and 


His Colleague, 
hospital, Contributed with another 2351 cases 
of Lund heparinized 309 patients post partum. In 
total, about 865 cases were thus heparinized after 
operation or childbirth. A high frequency of 
thrombosis, at least 3-4 per cent, and possibly 
still higher, was expected in Crafoord’s series 
consisting only of patients over 35-40 years of 
age and with operations known to be followed 
bya relatively high percentage of thromb« -embolic 
complications. Practically no incidences of that 
kind occurred. Although Wetterdal’s and Leiss- 
ner’s series comprised only selected cases expected 
to give a high frequency of thrombo-embolism, 
no complieations were observed during the first 
10-15 days after operation or delivery. 
e the 657 (325 + 1404 

. 


yg 
heparin or nfire daily for 5 


Among 
192) cases receiving 250 mg 
10 days no signs ob 
thgombosis occurred. 


tifne 


Gordon Murray 


Os 
Similar experiments Were at the same 


going on in Toronto, Canada. 
at the 


first 260 cases and then in total 400 cases treated 


Toronto General* Hospital contributed at 


prophylactic ally with heparin. He re porte d results 


equally as good as the Swedish group.” 


e .« . 5 
Crafoord made:an, essential contribu- 
tion in another respect as ‘well, namely, 
by using” his influence to get the city® 
authorities of Stockholm to pay our 
: - _ © 
experimental costs. The research funds 
@ 
allowing annual 
grants of 500 to 1000 dollars for our 
@ 
The total 


obtained from research foundations » bahay 


available were small. 
o 


work. amodunt of support 
ing the “years for our work on heparin, 
, — ©, 
leading to elucidation of its chemical 
nature, to demonstration of its presence 
.  @ -« . 
in the mast cells and to its introduction 


in clinical medicine, amounted to 50.000 


Sw. crowns (10.000 dollars). At one 
° 
° 
Oo 
O 
O ° 


° 
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time, in 1936, one whole year had b:ep 
lost, and anticoagulant therapy delay «d. 
because of lack of funds. The head ofthe 
City Hospitals of Stockholm then sup. 
‘ c | 
plied us, on Crafoord’s recommendations 
with 40,000 Sw. crowns in order to ke ep 
He “wanted to *know 


whether the new kind of treatment of 


the’ work going? 


thrombo-embolic cases With heparin 
could shorten the stay in hospital from 
six weeks, as it had bten previously, to 
one week, in which case it would pay to 
support a fesearch project. He soon got 
the money back indirectly. ® 

H€parin, like the antipgothrombinic 
drugs, camesto Stay. A study of the over- 
whelming literature in this held reveals, 
however, that the therapeutic poten- 
tialities of heparin have been poorly 


eXploited. 


to® be done for 


There is still much teaching 
‘the instruction of the 
younger quenergtzon of physicians in the 
proper use of heparin in gcute throm- 
bosis, as outlined by Merz {1954, 1955), 
(1955) and Zilliacus (1946, 1955). 
[t is not in the interest of the patient to be 


Baud 


treated routinely, mild and severe cases 


ee ee 
alike, with inadequate preparations under 


©poor control ofthe prothrombin level. 
° ° ‘ ° 
Only, adequate heparin,th@apy can cut, 
°o 


off an acute thrombo-embolic complica- 
tion efficiently, and in long-term anti- 
coagulant therapy a poorly controlled 
prothrombin level is essentially ‘d&nge- 
rous. All these considerations make a 
coagulationist obligatory in every large 
hospital unit. The yse of heparin is un- 
rfecessarily complicatell by the “demand 
that heparin therapy should be carried 
continuous control of the 


out under 


coagulation time. In fact, in Scandinavia 


where heparin is used several times 
o 


° Oo 
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either with fresh plasma or with the rapidity during the first phase of coagu- 
plasma fraction containing antihemo- lation, partly during thromboplastin 
philic globulin. formation and very quickly through the 
Hemophilia A.— There is by now quite action of thrombin. Definite precautions 
considerable experience in this country must therefore be taken in sampling of 
of Thé treatment off hemophilia A cases the blood and separation of the nilasma. 
with the I-O plasma fraction of Blomback In most of thg severe cases treated 
°& Blomback (1956), prepared in ,our successfully with thee I-0 fraction, at- 
laboratory at Kz rolinska Institditet. Al- tempts Bad earlier been made to correct 
together 22 patients have been treated the bleeding by administration of fresh 
on a total of 140 occasions, and 9 patients blood ore gplasma,’ but without success. 
with v. Willebrand’s disease on totally This finding actualizes ea discussion 
5 occasions Nilsson, Blomback & regarding the fate of antihemophilic 
Blombagk, 1959). Puncture of joint globuflin, factor VIII, in the course of 
bleedings, tooth extrdctions,*an appen- extracorporeal circulation. ‘The eXxces- 
dectomy, an ileus operation and a_ sive surface contact offers great pos- 
nephrolithiaSs operation have been_per- Sibilities for thromboplastin and throm- 
_ formed on the hemophiliacs, and hyste- bin formation®It therefore seems reason- 
€ectomy on, a_ patient with v. Wille- able to believe that,* during by-pass, 
brand's disease. As a rule, the prepara- factor VIII will be destroyed to a con- 
tions have been given on vital indica- siderable extent. In Crafoord’s clinic, 
tions to patients bleeding exc essiv ely. On fraction I-0, containing AHG, has in fact 
no occasion did the treatment fail, “no. begn given dn several*cases at the end of 
side reactions occurred, and no resistance ae lengthy operation, when other mea- 
to the AHG developed, ® not even in sures failed to arrest the bleeding. In a 
patients treated up to 20 times in the number of them the eflect was almost 
° 
* ¢ course of 2 years. . instantaneous, giving ‘the impression 
The I-0 fraction of Blombick & Blom: that the frac ti8n exerted a specifié action. 
e bick can be stored as the lyophilized = WER ai. 
product. Its antihemaphili@ acfivity is » , REFERENCES : 
° elite 


titrated agairist a standard sample of = epareer G: Thirteen years’ exriences of heparin ° 
@ 


traction I-0, using hemophilia A plasma », therapy. Int “ Thrombose und Embolie”. Referate 
° ‘ — so 
as substrate (Nilsson. Blombiick & ‘v. der I. Internat?. Tagung, Basel 1954. Benno 
mx. . " ‘Schwabe & Co., Basel 1955, pp. 721-72 
ba Og. ' x .L®@ Qs Sscnwave Cc MO). AM II, PP. # iL). 
trancken, 1957; Blom*back® M,, 1958). 


w 3 
Brompack. B® & BLOMBACK, M.: Purification olf 
° 


sch Cc . . . is - ° ¢ S “s> ; ' “ 
ieme of «admini tration, has .been tne amd en elie Ads & Mal 


elaborated which, ein most cases, seems, °/0: 415. 1956. : © 
& ® \ 
ensure normal conditions for ppera- BromBAck, B., BrompAck, M., SENNING, A.., 
: e 
n ad Orsson, P. & Wittiam-Oxsson, G.: Deter- 


e . . 
J ; mination f heparin copmtent of the blood in 
in the course of this work. some expe- ; ¥ hey 


, ' extracorporeal circulation. Acta chir. Scand. 
nee was gained of the properties ol-+ « 


in Press : ee 
| hemophilia A factor or factor VIII. BrompaAck. B.. BLromBAck, M., SENNING, A. & 
‘known to be consumed with extreme Warten. P.: Fibrinolvs och fibrinogenolys som 
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insoluble and contained 50 °%, impurities, 
causing side reactions. Pure fibrinogen 
was needed in our laboratory as well, to 
be used as, substrate ,for work on the 
heparin cofactor of plasma. Conse- 
quently, new efforts had to be madé® to 
obtain pure fibrinogen in large quanti- 
ties. They resulted already in the same 
year in plasma fraction I-0 of Blomback 
& Blomback (1956), a 90%, pure, stable 
fibrinogen, giving no side reactions, and 
containing both the antihemophilic glo- 
bulin, A and the factor lacking in v. 
Willebrand’s disease. ‘This new techni- 
que for preparation of pure fibtinégen, 
° 

free from prothrombin, was soon adopted 
by pharmaceutical houses, which made 
the product—although still expensive 


nevertheless available on a large scale. 


HEMORRHAGIC’ DIATHESIS AND 
HEMOPHILIA-LIKE CONDITIONS 


Severe hemophilia and thrombocyto- 
penia will beedetected in the preopera- 
tive routine blood, analyses, and .may 
form a contraindication to operation. 
Mild cases are, however, apt to Be over- 
looked. ‘This also applies to patients with 
v. Willebrand’ sedisease. . 

Recent work performed in. Sweden 
has called renewed attention to this 
disease. (NilsSon, 1957; Nilsson, Blonf- 
bick & v. Francken, 1957; Nilsson, 
Blomback, Blomback, Jorpes & Johans- 
son, 1957; Jorpes, 1959; Nijlsson, Blom- 


back & Blomback, 1959)..No less than 


20 families with this autosomal. domi-° 


nant hemorrhagic diathesis, ,affecting 

1 | 
both sexes equally, have been detected 
& few The 


families are large, and the disease is 


within vears in Sweden. 


evidently more common than _ he: jo. 
philia A and B together. The individ ia! 
family members are usually ignoran?: of 
their disease, at any rate of its seriousness, 
Only a few members of the families, men 
alike. 


. . 7 . & 
[here is not only a tendency to capillary 


and women afe real bleeders. 
blgedings, but also a reduction jn the 
plasma content of antihemophilic o18- 
bulin (AHG), Which parallels the severity 
of the symptoms, and in severe cas@s falls 
to as low as 5% of normal er 4e8s. 

°The cases with 30-60% of antilhemo- 


philic globulig deserve special attention. 


© ; ; ; 
In situations whege there is an acute, 


large consumption of AFG through 
over-production ®f thromboplastin and 
thrombin, e.g. in connexion with opera- 
tion, tooth extraction or traumatization, ° 
a temporary AHG deficiency may 
develop? afid can become fatal. In 
analyzing 13 patients and 93 of their 
relatives, Nilsson, Bloraback & v. Franc- 
ken (1957) found tlfat the 13 patients 
and,4 of their relatives had values below 
Or around 20 % of normal. Of the siblings 
on, the side from which the disease came, 
27, or 29%, had AHG values between 


€ 9 
30 and 60%, which is regarded,as below 


®* the normal limit, This implies that, in 


addition to the bleeders. a considerable 
° 
number of their siblings®in the family 


branch carrying v. Willebrand's disease 


“have a subnormal plasma content of 


antihemophilic, globulin, 
These persons, who are latent bleeders. 


° re i 
can cause the physician and the dentist 


‘serious trouble until their disease is duly 
‘S 


recognized, Once the diagnosis is estab- 


lished, the patients can be treated pro- 


‘phylactically and therapeutically in the 


same way as the hemophilia A cases, 


~ 


° o ¢ 
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The maintenance of adequate alveolar 


ventilation during thoracotomy is ,con- 


. ° . . . > 
nected with great difficulties on account 
° 


of the changes arising’ in the mechanical 
conditions which constitute the necessary 
basis for normal respiratory work and a 
normal gas exchange in the lungs. [hese 
difficulties have led to the construction 
of various technical devices to support 
the ventilatign in connection, with uni- 
lateral or® bilateral thoracotomy. ‘Thus 
pressure differentiaP respiration was in- 
troduced by Sauerbruch in 1904. This 
method was made the object of stropg 
and justified criticism by Giertz in 1916, 
who alsg indicated a better method? the 


so-called rhythmic air-insufflation, which 


om os 2) 
was later modified by Freckner. Ahders-. 
,- e 


son & Crafoord in 1938, when the so- 
called spiropulsator was constructed and 
tried out. This apparatus has implied a 
vel y great advance in thoracic anesthesia 
and has helped to reduce the risk of 
hypoventilation in thoracic operations. 
lt is, however, difficult to know exactly 
what ventilation is sypplied to the pa- 
ticnt with this apparatus, and itsefunc- 


Re : 
“ ming is dependent, moreover, on the 
9 


cad 


3 


° 
efficiency .of the carbon didxide filter 
used. Thus when in 1953 Engstrém’s 
volume-cycled respirator proved suitable 
for anesthesia inasmuch as it permits of 
exact control of the ventilation volumes 
Applied, and functions, furthermore, ina 
so-called half-open system, i.e. without | 
carbon dioxide filter, it seemed to us to 
be of interest to find out what amounts 
of wentilation are required for the main- 
tenance ob adequate alveolar ventilation 
with different forms of 


in connection 


thoracic operation when this respirator | 
is used. As far as we are aware, no such 
study has previously been made, apart 
from certain observations in connection 


Nor- 


lander, Pitzele, Edling, Norberg, Cra- 


with extracorporeal circulation 


- ) : © ° ~ 
foord & Senning, 1958). 
* ° 


+ 


MATERFAL : 


e 
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Altogether 13 patients were examined. 
r'e +. “a . : | aa 
[hese were divided into two groups, ac- 
° . 7 
cording to the nature of the: surgical 
operations performed. In the one group, 


consisting of 6 patients, the surgical 


operations were carried out on the lungs, 


° . 
° 
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@ 
TABLE 2. tion with d-tubocurarine. Anesthesia was 
siete maintained with oxygen + nitrous oxide 
; Resid. vol. : : 
. in the proportions |:2 or |: .. 
> Max. total lung Vital | ‘ , supple 
breathing capacity capacity mented with small intermittent doses of 
Case no. —s — | pentothal or with pethidine. The respi- 
@ @ St sees ces eee 3 , » «lator was frgm, the outset adjusted to a 
55 58 2.23 , ge Dees ing En a Ae real 
“ z | minute v ‘alculate : 
? 73 45 2 81 unute ventilation calculated from a 
: 48 ® +] 3.27 ventHatjon nomogram and then maine¢e 
} 78 49 3.60 . 
; i. ae 2 57 tained and carefully and repeatedly 
6 84 +3 2.84 checked during the anesthesia. 
7 ) O 2.00 ® 
‘dita @ —e ) a i 
@ Calculation of the ventilation @ 
e 
,© ‘nostré ¢ - r Q5Q AVE 
which Were the seat & pathologicale Engstrom & Herzog (195 have 
‘orked out a ventilati ae or 
changes that had preoperatively given worked out a ventilation nomogram for 


+ : | oe 
clinical signs of impaireddung functions. 
© 


lhe other group comprised 7 patients 
who veere all operated upon for theecor- 
rection of cardiac gy vascular changes, 
butin whom fhere were,ng primary lung 
changes with the exceptiof&§ of two cases. 
The composition of the material, the 
@tal statistics and other data are given 
in Tables | and 2. <r 

® © 
® 


METHODS © © 
Anesthesia 4 © 


The patients were given premedica- 
tion in the form of morphine-scopolamine 
and a barbitufate per os. Anesthesia was 
induced with pentothal. After the ad- 
mixture of oxygé&n and nitrous oxide 
intabation was performed in succenyl- ¢ 
choline apnea. After a period of spon- 
t®eous wespiration for 10-20 minutes in 
the course of which the patient Was 
P! aed in the operating position, which 
was “in all either left or 


cases 


right 


thoracotomy position, the patient was¢ 


fonnected*up with the Engstrém respi- 


r after previous total muscle rela®a- 


‘944 Crafoord 


The 


womogram 1@ based upon oxygen con- 


the Engstré6m respirator (Fig. | 


sumpt®n and theeproduction of carbon 
dioxide in basic conditions and R.Q. 

@ 0.8, the dead space of the apparatus ang 
the dead space in the connecting tubes 
to the patient. Another factor that is 
taken into account is the “‘mech@nical 
dead space’, i.e. the volume which at 
every insufflation 1s compressed an the 
respirator system &ndewhich on exhala- 
tton is read off on the gasometer without 
having been made available for the pa- 
tignt. The ventilation calculated from 
the nomogram was read off ig all cases 
except case no. 8, a 24ear-old boy; here 
the ventilation was calculated according 
to an empiric nomogram for small 
chil@ren based on the sam® variables as 
the nomogram for adults and ghildgen 
over 6 years of age. ° 

The respiratory frequency has b®en 18 or 

20 per minute. Wfiere there was a 
change in the frequency during the 

° operation the supplied volumes were cor- 
rected for the change arising In this con- 
nection in the dead-space vgntilation, 


€ 
Before the pleura was opened a negative 


- 


» 


* 
+ 
yas M. BECKMAN, 0. NORLANDER AND B. V8@IDMAN 
ao * 
[ABLE 1. 
Ss of = 
CS oe = = ‘ : ) 
Sf a . 2 - @ - - s = 
— = = 3 i- Ee: a Ventilation B.S 
= yc t r = : See S62 (1/min. ) = E¢ 
au ny ae of = i Pn y¥ Acc. to ie 
se eS hw 2 x - . a . ae Ps: ee 
on’ w ° oo = Oe we 7 -_ —_ a . - a / in 
ws =“ A OH OX = « a oft hb k= nomogfam  €fiveff © e > Ce ee shce « 
® 6 a © ® = 
a | Empyema after Res. of empy- = 4.10 4.40 J. le 7.1 18 
165, 57.4 left pneumo- ema sac. © ® a 
1.65 nectomy thoracic wall 
© trachectom 
4 respirat. @} 
. . ‘ -~ ell © ae 
>. rae Carcinomawith Left sup. 1.20 1.50 LL 1.8 20 : O 
176.0. 56.5 = atelectasis of lobect. © 
. ® 
ied left ~ ee lobe © @ 
i . : © oof —- ) 
= Carcinoma of Pneumonect- 2.29 oe /.9 8.0 © 20 
a ” , © 
170, 63.8 right lung omy © 
Léa ® @ © 
4. 40, Bronchiect. of | Resect. of basal 3.20 Loo @ 8.2 | oe. 18 
172, 72.9 left infer. & segm. and lin- © 
1.86 lingula lobe gula lobe left 
® lung @ 
ae Carcinoma of Pneumonect- 2.30 Re eee 8.0 20 
®/ 75.3, 80.6 — left lung omy 
' © 
1.92 © 
® 
>» ow Carcinoma of Pneumonect- an 6 6 Se 8.4 8.4 20 
167, 69.5 left lung omy 
1.78 ° } 
7. 460, ™M Constrictive Decortication 3% 3.50 8.4 8.4 18 
172, 72.7 pericarditis @ of pericardium e 
1.86 8 @ 
a f Patent ductus Divisipn 1.30 3 Ca. 3 5.0 22 
87, 9.3 arteriosus suture © @ 
0.48 | 
o) = I 
>» te Stenosis Commissuro- 2.10 2.35 7.0 vou 20) @ | 
158, 49.7 mffralis tomy ) 
a ° © ' 
6 ° 
1Q. 49, & Stenosis (lommiussuro- 1.30 © ‘ 7./ 8.0 18 
lo7, 71.2 mitralis tomy ad mod. ® 
1.8 Dubost © 
‘) ' : : ‘ . © oo - © ~ _ 
Se | Stenosis (Ccommiussuro- 0.45 q5 A /.0 18 
® 167, 53.5 mitralis tomy e 
1.6 ° 
° 
7 ' . . ® ~ 79 — = h © 
1? 30, I Stenosis (Commiussuro- P5 1.40 ie 4 /.J 18 
167.5. 56.2 ° mitralis tomy @ ® ° 
l.64 3 
° © 
> ae Ms , IWISh 995 » 55 @ 
— Patent ductus _ Division 2.29 2.55 8.0 8.0 18 
L69, 60.7 arteriosus suture 
1/2 | ° e 
e 
° © 6 
“ Decimals indicate minutes. . ' 
)) , ° P — , . . ° e * ‘ . 
Cardiac arrest in connection with t® commissurotomy. After heart massage for 1 min. spontane- 
ous rhythm. Postop. no complications. , 
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strain-gauge and a recording instrument. 
pH was determined at 38°C with a glass 
electrode and a potentiometric pH-meter 


Radiometer PHM 22) 


with phosphate 


buflers as standard. PaO, was deter- 


mined on Whole blood with*the method 
described in 1956 by Astrup. Correction 
for hemoblogin concentration was ap- 
plied in accordance with the methpd 


described by Norlander, Pitzele, Edling. 
\ Ss 


Norberg, 

Standard bicarbonate was likewise deter- 
mined according to Astrup 1956. The 
blood samples were taken in_ glass 


syringes previously wetted with heparin 
and the analysis was per for ‘meq im- 
arr’ after the taking Of the samples. 

No double determinations were made. 
The magnitude of the @rror due to the 
method of PaCO, 


1°) 
with this method is approx. +2 nim Hg 


in determinations 


log a single determination. : 
The arterial, oxygengsaturation was deter- 
mined accordifig to Brinkman & Zijlstra 
1949) with a cuvette oximeter (Kipp & 
/n, Delft). . 
The blood sample® were taken before the 
induction of anesthesia but after the pre- 
medication, 


thesia, at intervals when a respiratory 


: 10} 
steady-state was considered to be present. 
12) 


C&P 


RESULA@S 


oO 


Theeanalytic results obtained may be 
. ry. O ‘ ® » . 
®en in ‘Table 3 and in Figs. 2 and 3. 


Oo © 


@ 


PaCO, oo ° 


Teoper; atively PaCO, remained wath- 
in limits Which may ‘he considered nor- 


m:!. The mean value for 12 cases was 


Crafoord & Senning (1958).° 


“ ° 
and also during the anes-, 


12) 


ihe * « 
ABLE 3. Mean value + standard error 


of the mean for pH, arterial carbon di- 
oxide tension and standard bicarbonate 
before and during anesthesia with me- 


@ 
chanical ventilation with the Engstrém 


¢ [| cf» 
* 


al ~~ 


respirator. 


©) 
O 
‘°) \ ‘ | ° » ‘ 
@ Stand. bi- PaCoO, 
pH carb., mEq/l mm He 
Before anes- o Beat 24.2 40.3 
thesia, n= 12 ©0.02 ~ 0.9 + 1.4 
o-—60 min. dur- 7.36 22.0 42.1 
ing artif. resp., =~ 0.02 ~ 0.7 ae 
N= 12 
go—120 min. dur- 7.35 8 emily +). 7 
ing artif. resp., +£0.02 , +08 ~ le 
“i 1) 
© 
10) 
° @ 
ce ° fo) 
© 7 . o . 
40.3 ~>1.4 mm Hg. Certain individual 
. . . ’ (2) 
variations did, however, occur, as fof 
. 10) ‘ 
example in case no. 1, where PaCO, 
® 
amounted to 48 mm Hg. During respf- 


rator-anesthesia the carbon dioxide ten- 
sion remained at or below normal values 
in all cases except two. In these cases, 
no. 5 and no. 6 (see*Fig. 2), the values 
for the carbon dioxide tension obtained 
were,°with the ventilation administered, 
49.5 ‘mm Hg and 48.0 mm Hg respec- 
tively. In these Cases the verftilation was 
thus somewhate below par, and in case 
5 the latter 


no. 3 was accordingly in- 
creased from 8 to 10 I/min.. 


© . 
after which 
v 7 
a normal PaCO, valueewas obtained. In 
~ 10) . . . . ; 
case no. 6 the ventilation administered 
. 10} 
was retained and at the time when ,the 
next test was made PaCO, was 47 mm 
He: i.e. practic cally the same as before. 
‘There were no clinic al signs of carbon 
© 
dioxide retention. This patient had signs 
, | 
of shu&t mechanism in the lungs ewith 
© 
venous blood to 


admixture of mixed 


the peripheral circulation, as the oxygen 
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CORRECTION FOR FEVER 
Al @ temperoture exceeding 375°C. odd 5% of @ 
V to, for each 05°C 
© 
. . © . . - 
Fic. 1. The ventilationg@iomograi® used for determination of the ventilagion during anesthesia. 
O c 
® . ° O 
1) ° © ° 
° © re 
pressure of —4 to ~@®cm was applied curacy for the administered Volumes has 
. ; , © . . 
during the exhalation. Whefi the pleura’ @ been estimated as +0.1 |/min. 
© .§ @ ° ° ©) 
was qpen the negative pressure was re- © ® 
es oo 
moved to prevent afi all too strong col- e @ Pi 
Determination of pH, PaCO, and standar 
lapse of the lung, which would otherwise 1. . if p a OS 
® ' @ bicarbonate : 
occ " ( . y > , > 4 ‘ ‘ 

Ae ccut wing to the low exhalation | °° ; | 
resistance of the @espiratgs. In_ the Arterial blood samples were obtained 
majority of cases even a slight exhalatory e ®*from a polyethylene catheter in_ the 
resistance of about one cm was applied, brachial artery or the radial artery. ‘The 
.® :; q@ :; : :; 
in order to maintaip the lupgs in a catheter was introduced with the method 

: & — ry ; : ‘ 
suitable middle position. The minyte described by Berneus, Carlsten, Holm- . 
. Yentilations applied are shown in Table gren & Seldinger,(1954). During the, 
|. The volumes adminstered were operations a continuous check on tlife 
t | . . 3 
checked by reading the values on the blood pressure was nfade possible by 
gasometer of the respirator. The ac- connecting up the catheter with 4 
o 
Q ° 
. o 
© ° 


— 


“® 


oO 
© 
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a ° 
Ls 
end of the operation the oxygen satura- been considered to be one of the greatest 
=. - 7 7 
tion had increased to 95 ®. As the spon- dangers connected with intrathoracic 
o) . . . . ee . 
taneous ventilatory functions of this operations. Giertz (1916) was probably 
patient might, be expected to be insuf- one of the very first to attempt a metho- * 
ficient postoperatively a tracheotomy dical investigation of the ventilation 
was performed and the patient given “éhanges inf different degrees of ppeumo- ° 
artificial ventilation with the respirator thorax, and he was able to establish the 
for vo days after the operation. During fact that when pressure-differential res- 
Co 
this period .the values for PaCO, were piration according to Sauerbruch yas 
within normal limits when the same applied there was a great reduction of 
, , -_ ® 
amount of ventilation as that used during the respiratory minute volume. Thus 
the operation was applied. Case qo. |, after the application of pressure-dif- ° @ 
, , ‘ , o . ; ° : 
a patient with thagacic wall resection, ferential respfr&tion non-thoracotomized 
' ir @®. , 6 26 :' 
®as also given pgstoperative artificial patients in the waking state experienced® 
ventilation for 4 days. This pdtient 94 s®ong oxygen-hunger. Giertz had no 
manifested mediastinal flutter and the® _ possibility of carrying out gas analyses; 
fynction of the remaining lung was also but it is completely clear and_ has, 
1°) 
decreased. A moreover, subsequently been shown by 
1°) °y“Y . 
S26 Crafoord (4938) that pressure-diflerential 
pH and standard bicarbonate © eee Se ce , ° 
| ventilation gives rise to a pronounced fo) 
pH shows slightly alkalotic values ,in © O ee / ° 
ive ALES carbon dioxide retention leading to the 
most of the patients, indicating relative | 
ad death of the animal or of the patient 
hyperventilation. During the operation ae 2 © 
unless better ventilation is brought about. 
pH decreases, which &gording to the | 
| > ea , ie @rafoord (f938) was able to show 
figures given in Table 3 may be inter? ahah @° 
® 0 Fe gh hig clearly that a fharked hyperventilation 
preted as due to somewhat increasing ———--. | | 
yg? brought about with a°mechanieal venti- F 
values for PaCO, as compared with the : © oat 
' cane lation apparatus was not injurious for, 
preoperative values. The stf&ndard Hi- 
vgty an the patients, and that, on the contrary, 
carbonate values are within normal limits oe , < 
° ®@ it was a great advaptag® in intrathoracic 
preoperatively, but show a tendency to | Fey 
+ Mig ps Sak © @ operagti®ns. Respiratory acidosis con- 
decrease during the operatior?, indicating oa : | : 
nectedywith intrathoracic oBerations has 
an accumulation of acid metabolites. . . 
The diff ) | : since been treated by a large numer ol 
i¢ diflerence between the preoperative @ . 
@. @ ahi. ‘° writers (Beecher & Murphy, 1950® 
valfies for standard bicarbonate and @ ® a a one. © 
© Nealon, Haupt, Price & Gibbon, 199); 
those obtained at the end of the anes- ) as ) @ 
. eps ou Allbritten, Haupt & Amadeo, 1954), all 
thesia amounts to 2.7 + 1.2 MEkvel (dif- ® @ : 
: 6 of whom have drawn attention to the 
lerencé between means + standard error) an © dd a te® 
| ita : difficulty of bringing about adequate 
and gs probably significant (P- 0.05 se te Ys ie 
i 7 ; ventilation. Nealon, @Gibbon & Price 
UL i @ a 
G 1958) studied the effect upon_the venti- 
@ 2: DISCUSSION © lation exercised by the body-position in 
¢ . & 
° . , ; “ . P endl one | 
etention of carbon dioxide due to * thoracotomuies, and found, iter alta, 
: . . : z : . - ° 
‘equate alveolar ventilation has long that the posterolateral position required 
w 
e © 7 
7 * o 
° o 
1°) : 9 
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before, during and after anesthesia where 
ventilation 
r®pirator has be@n &sed. The patients were 
operated upon for pathological processes of 


mechanical 


the@ungs. 


saturation could not be raised to more 
tRan 88% at afty tume throughout the 


anesthesia despite ventilation with 50%, 


the oxygen saturation with air respira- 
\e) 

tion was low, viz. 84%. 
) © 

cases one mayobserve a certain tendency 


to hyperventilation, with a lowest ob- 


with the 


“=< s5xyver® ven the preoperative value for 


In the 


Engstrom 
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before, during and after gnesthesia where 
® mecRanical ventilation with the Engstrém 
respirator has been used. The patientsewere 
operated upon for pathological changes of the 


© heart or the great vessels. Patient@No. 7 also | 
() . . 
had marked changes in pulmonary function. e 
© | 
° e® ' 


&@ 

+ . © 
in case no. 7, a patient with a con- 
strictive® pericarditis and severe fight e 

peat ye ° <7 
heart insufficiency, the lungs were hea- 
@ 0 © pe 
vy and edematous. It was difficult to 
other obtain good d&ygenation once the pneu- 
mothorax was established, and arteyial 


© : © TAO aw 
oxygen saturation values of 74° were 


“ ‘ io) i * . ®. . . @ 
tained PaCQO, value of 33 mm Hg in observed. [these persisted during the 


case no. |. [This value was obtained at 


the end of the operation, when the 


pat hol gical 


removed. 


lung 


pore CESS 


had 


period of removal of the ,calcified peri- 


cardium: but the carbon dioxide ten$ion 


. , ; x) 
been was normal, thus indicating that the al- 


2 


veolar ventilation was sufficient. By the 


. , i] : 
con pliance and resistance in the respira- 


tory passages. The semi-open system 


eliminates the risks connected with 
carbon dioxide filter and dead space 
Another 


;; reduced to a minimum. 


factor that may conceivably contribute 
‘> a more effective ventilation is the 
appearance of the pressure curve 4&uring 
At the end of the 


insufflation the pressure cufve has a 


the inhalation phase. 


short plateau, i.e. the pressure remains 

for a short time at a constant value. 

During this period a levelling out of 
a) | 

volume detween badly® ventilated parts 

of the lung and parts with good ventila- 

1958 )@ 


which i® particularly valuable during 


tion can take place (Bihlman, 


. . 9. 
thorax operations, when the inferior 


lung is compressed through the addi- 
tional weight of the mediastinum and 
viscera. re) 


© 
SUMMARY 


The relationship between the pulmonary ven- 
tilation and the carbon dioxide tension of@rterial 
blood during tgpracic anesthesia has been inves- 
tigated in 13 patients? The ventilation@has been 
administered with the Engstr6m respirator, a 
volume-cycled, intermittent —_ positive-pregsure 
apparatus working with agsemi-open system. The 
ventilation has been calculated from a ventilation 
nomogram constructed for the apparatus by 
"Engstrém & Herzog. © 

In six patients with normal lungs gn whom 
operations on the heart and the great vessels have 
been performed a slight hyperventilation has 
been evident. In no patiept has inadequaté 
alveolar ventilation been establisfied. In a group 
of seven ‘patients with preoperative signs of very 
Imp aired ventilatory functjpn the ventilation 
‘adn iniste red has been ade quate in aix patie nts. 
One patie nt, however, showed a slight incre Be 
in the carbon dioxide tension up to 49 mm Hg, 
al theeventilation was therefore -increastd by 


- 


\ S. 


used for the 


applic d@dtring intrathoracic 


© Bi citi Ds 
Astrup, P.: 
\STR © 


© for the determination of carbon dioxide tension 


® Beecuer, H. 


Z _ which reestablished normal carbon dioxide 
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pH and standard bicarbonate have shown 


changes explainable as due to slight hy perventila- 


tion and a mild accumulation of acid metabolites. 


— ° : : 
[he ventilation nomogram may be. safels 
calculation of the ventilation to be 


operations. In 


patients with pathologic processes of the lungs 
which it is intefided to remove surgically and 


with very impaired venylatory function it may 


be advisable to in¢tease the total ventilation by 
10 to 20%, 
sv . O 
[he discrepancy between. the amounts of 
. * . . © . . . 
ventilation applied per®minute in this series an@ 
which latter are 


those given in th® literature. 


© 
about twice as large, is explained as due to the 
superigr construction and functioning of®the @ 
respirator used in our investigation. 


e ) 
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P ° 
higher ventilation than did the antero- it the great difference in the mode of 
lateral. The interesting point in these administration of the ventilation. ‘| he 
works. however, is the order of magnitude American writers have as a rule used by 
._ of the ventilation actually applied to conventional anesthetic apparatuses with | 
a the patients. This is in general a matter ~ ‘carbon: dioxide--filters in a semi-closed . 
; of 14-17 I/min., or 10-11 l/min. per m* system, where the respiratory bag js_ 
e body-surface, which deviates conside- replaced with a device for mechanical 
rably from what one finds in spon- compression with a construction similar i 
taneously breathing patients. These,highe to that of AGA’s spiropulsator.( Jefferson 
° ’ ventilation figures also deviate markedly Ventilator). These types of apparatus ? 
° — from those we have been able to observe ®° are pressure-cycled and the ventilatiqn 
3 when using the Engstr6m respirator. administeftd will depend on the resi- ( 
° As appears from the results, the stance in the respiratory passages and on 
: administered volunges calculated from the élastic properties of the lungs (Elam, p 
~ the nomogram are in good agreement Kerr & Janney, 1958); and it is difficult 
with tlfe ventilation °requirements of to administer a constant minute volume. 
{ 2 the patients. This is®especially striking in The presence of a carbon dioxide filter ; 
si the case of operations on heart,and ves- in a semi-closed system will influencg the 
ar sels, where the lung functions are pre- concentration of CO,.in the inhalation 
operatively normal. A certain A¥perven- gas, so that if the filter does not function — 
tilation®is even observable in these cases. absolutely perfectly, or if the valves have} 
In cases with primary lung aflections any back-leakage there will be increased 
7 the results do net show such good agree- CO, concentrations,,which require a 
, °ment and a greater variation 1s obser- higher minute ventilation. Anesthetic 
e vable for the PaCQO, values obtained. apparatuses of cofiventional type are 
| © This must of ceurse be seen against the provided with elastic rubber tubes to be ® 
Wackground of the severe affections connected up with the patient. These 
treated, which themselves give rise to elastic rubber tubes are dilated° during | 
. © — pathological changes | in the gas@xchange. the insufflation phase and a considerable - a 
It may, however, be confidently fated pagt of the respiratory volurge ad- 
: _ that theé Engstr6m—Herzog nomogram is ministered from the respiratory bag is 
on the whole applicable in these cases, neveremade available toghe patient buy 
and if certain corrections with reference runs off through the exhalation valve. If 
° to the state of the lungs are made one is the amount of gas passing through the 
© fully j@stified in using it. latter is measured with a gasometer this | 
To what, then, is due the discrepancy will record bigger volumes than have 
between the ventilation volumes we @reached the patient’s lungs. In the Eng-e 
have been able to administer to our strém respirator all these undesirable r 
2 patients with retained or somewhat sub- factors have been eliminated. Thus the 
normal PaCQO, values, and those one apparatus functions on the volume prin- 
o » finds in the literature? ‘he nist im- ciple and the administered amounts aj 
portant cause is probably to be sought consequently independent of changes in 
a S es 
.* & 
° 
a” . ’ 
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In case of prol@nged artificial respiration 
with a respirator the effe@t of ventilation 
must be,accurately adapted to the indi- 
vidual’s metabolism for the adequate 
elimination of the carbon dioxide pro; 
duced and in order to avoid the risks of 
both hypo- and hyperventilation. : 
Through analysis of the carbon dioxide 


; . ° . 
tension of arterial blood and alveolar air 


‘- : ® 
one can, certainly, get information con- 


7) 


cerning the status of the patient's venti- 
lation at the time when the sample is 
taken. Some apparatuses alsp permit 
continuous recording © of the carbon 
dioxide; but the methods applied here 
are usually complicated, and are suitable 
only for ghecking, ngt for r utine control, 
of the artifscial respiratior® 

With the Engstrém Respirator (Fig. | 
Engstroém, 1953, 1954; Cara, 199%; 
bjork, Engstrém, Friberg, Feychting & 
Swensson, 1956: Caray Rudler. Angles & 
Fourcade, 1957: Jouasset, 1957) it 19 

sibde € 


iustable ventilation eflect @hich 1s 


—-s ae 
to administer an accurately 
2. . 
t constant independently of changes 


©) 
ne respiratory resistance. his actua- 


© 
»lizes the need to be able to calculate. 


simply but with suf&cient accuracy, tke 
ventilation which: in the individual case 
is to be set on the respiratoren order to 
obtain adequate®alveolar ventilation. 
Yengilation standards for use in cases 


of prolonged artificial respiration have 


®epreviously been published by Radford 


— ® ,. ; . 
1955). who has also discussed in detail 
the ptinciples for the calculation of these 
® 
standards. ° 3 e 
With the standards in question the 
ventilation required for the maintenance 
. @ S 
of normal Pago, 1s calcufated from data 
concerning fhe pati€nt’s weight,eex, and 
o + | » 
respiration frequency. Cowections for 
2 30 
‘“‘ddily activitys fever, altitude, tracheo- 


an@ 


gnaesthesia’’ are also given. 


tomy metabMic acidosis during 

Together with spirometric determina- 
| 0) 

of the the 


standards in question admit of a control 


volume 


tion respiratory 


of the adequacy of ventilation in treat- 
| . 
With systems 


@ © 
J ; S “eo a, : | e 
Operating VW Ah positive pressur i 


ment with by dy respirat Ts. 


n j 
values calculated from these standards 


cannot. howeyer, be used® directly, so 


: 
q 
y 
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POS. “FILLING” POS. “SEMI-( EN” 


POS. “CLOSED” 


re) 
° 
° 
° 
o 
° ° 
70 
° 
e Fic. 1. Diagram of the Engstrom Narcosis Respirator, model 200. The diagram shows*the principles of 
the Engstrém Respirator with setting of the valves for Glosed system. The two inset detail sketches 
show the two othey valve positions “‘semi-open”’ and “‘filling’’. ‘Theseeare operated by the lever on 
the rim of the dosage valve. 
° © ) e 
° 
12) 
ce) 
"  correcti ust also | le for tl 
corrections must also be made for the -_ — TEP COOAICTe TIO 
a PRINCIPLES FOR THE CONSTRUC- 
dead ‘space of the apparatus and for RT ee lial oak | : 
PION OF THE NO@#LOGRAMe 
volume lost ip consequence of compres- 
: ® _ . , 
sion of the gas in the system, whose . The nomogram, (Fig. 2), which is 
: ° © . , . 
compressible volume must thus le designed for the maintenance of normal 
. z ° _e : 0 
known. Paco, = 40 mm Hg, is derived from the 
he practical ventilation nomogram standard metabolism for individuals of 
lor the Efigstr6m Respirator presented both sexes from the ages of 6 to 64 years 
e ° here contains correction factors for the and the variations in theeheight and 
I ! 
apparatus under diflerent conditions and weight occurring in practice. It consists 
. " . o° . - - . 
has diflerent bases for the calculation of of two parts, a general part for calcula- 
dead space, but is in other respects tion of the alveolar ventilation require- 
calculated in a way similar to that for ment in liters per minute BT'PS under 
Radiord’s ventilation standafds. basic conditions, here called \, calc, and 
Q 
.¢) 
» 
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| EXPLANATION 
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VENTILATION NOMOGRAM EQR USE WITH THE ENGSTROM RESPIRATOR 4] ’ 
correlation to the body surface vy) if the L. Verot = 1.10+- V4 calc 
| | : | ° 
*alculation is carried out according to -10.05+y + 0.10] 
the following simple formula: 
: - I]. V vot L.10+V,4 cale 
D, pat (in liters) ~ 0.05 + y, ; ‘ f- [0.05 + y"+ 0.06) 
, . ad 
The second part,of Vp Tot consists ef ITT. Vio = 1.10+\ a calc . 
volume losses 1n Consequence “of com- “ {++ D pat 0.010] 
pression, of the gas in the positive pres- . 2 : 
sure system of the respirator and in the : DISCUSSION ; 
connecting’ tubes. This “functional dead © 
space” of the respirator, which in the n oe requiring prolonged aryhicial ° 
nomogram is referred, to as D,resp, respiration the CO, production does not 
varies with the total compressible volume undergo great or rapid changes, and the 
of the system and with the pressure, just ‘ventilation requirgment thus, remains . 
Helow “peak pressure’, tvhere the ex- 4 fairly constant. elhe possibility of ad- : 
piyation valve opens. This “peak pres- INISTETING : stable ventilation calcu- , 
sure’ ehas in practice been found in lated according “0 the actug! require= 
different patients to remain fairly cop- ment is therefore of the greatest practical 
stant about a mean value of 20 cri H,O. pO aCe. In the construction of 7 
From the compressible -volume of the ventilation nomogram for clinical use 11 
system, which is known, and this mean. ° is necessary to meet both the demand 
“peak pressure” it is possible on ae ee for reliability of the calculated yalues 
D, resp according to Boyle’s daw. After and practical G&mancds for ease of com- 
the addition of 20 ml for loss of volume prehension. For the nomogram to be : 
in the water manometer and mean “peak suitabee for practical use, the calcula- 
@resure’’ =20 cm H,O, the values for tions must be based upon easily available 
D.resp far three different alternative data concerning the patient and nee not 
tubes with connections have been cal- necessitate complicated, calculating ope- 
eculated in. liters as 1=—0.10. IT —0.06. . rations. In the construction of the nomo- 
III 0.010. In case of possible greater ° gram it is therefore necessary to make 
deviations in the mean “‘peak pressure” manianeee simpiitying pp, and ; 
these values for D,resp can be direttly, the reliability of the nomogram will gn ° 
corrected on the basis Of the observed a high degree depend on the way in 
“Deak pressure”. which these sare made. the nomogram ; 
On these bases for calculation one ans eee A, clinical use since February 
niay derive the followin& general for- 1957, and irequent contro! analyses of 
mula arterial! carbon dioxide tension from 
mfiny patients’ receiving artificial respi- 
© Varo = Va +f: [D,pat + D, resp] ration both postoperatively as well as e 
during anaesthesia have shown that 
trom which formulas for practical appli- they have been given an adequate al- ae 
| n of the nomogram are derived. veolar ventilation (Friberg & Widman, : 
E 4 
Q e ’ 
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a special part with “applicable fermulas”’ 
containing correction factors for obtain- 
ing the corresponding fotal ventilation 
values, Vrots in liters per minute to be 
set on the respirator. 2 


° 
The calculation of \V,calc is based on 


the relation between the alveolar venti- 


lation, CO, production and Pago,, where 
the CO, centent in *the inspired air 
may be neglected: 


© : 
V,cale (ml per min. BIPS) 


CO, prod. (ml per min. STPD)> 863 


Pac§. 


The CO, production is calculated 
from the standard 
oxygen, a mean respiratory quotient 
R -0.82 being presunfed. The standard 
O, consumption per m*° body surface for 
different ages and sexes is calculated 
from the Maye Foundation standards 
(Boothby, Berkson & Dunn, 1936). The 
body surface is calculated from height 
and weight according to the nomogram 
of DuBois (1915, 1916). : 

The 


respirator is only wh part received by the 


minute ventilation set on the 
patient as alveolar ventilation (Va). 
The rest is lost as ventilation of the total 


© 
dead space (Vp Tot) of the system 
2 


‘patient + apparatus), which can also’ 
be expressed with the formula: 

Virot = Var t+!- Vp Lot), 
where {=yespiration frequency, and 


Var = the alveolar ventilation to be given 


by the respirator.! | 


' The difference in volume depending on dif- 


ference in water vapor saturation between the 

preset gas entering the respiration bag and this 

gas after humidification being administered to 
. . . . ca 

the patient is small and is therefore neglected. 


e 


ENGSTROM 


' nd ° fa 
consumption ‘of 
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or intubation 


AND P. HERZOG 


If adequate alveolar ventilationgis to 
be administered, V,p must Coincide w th 
the alveolar ventilation requirement, j.e. 
produce Pacg ~40 mm Hg. In calculat- 
ing Var, which constitutes gas of am. 
bient temperature and pressure, from 
the value for V,acalce, the gas must be 
correeted to room temperature (24°C), 
Correction must also be made®for dévii- 
tion from the conditions for | basal 
metabolism, For patients with normal 
body temperature (temp. < 37.5°C) one 
with ° 


reckons a gtandard additjon of 


_ ° . 7 
“approx. 15° to*the alvedlar* ventilation. 


Together, these corrections give for the 
calculation of Var from Vacale®a com- 
mon approximative correction factor 
1.10. Fever entails an increase of the 
metabolism and of the alveolar ventila- 
tion requirement, which may be esti- 
mated as approy. 13% of evéby degree 
GS ° e 
In order to simplify the calculations, 


correction for the total ventilation is 
mate, and this corresponds to an addi- 
tion of about 5 % to V rot for every 0.5°C 
in excess of the temperature 37.5°C. 
The total dead space (Vp Tot) can in 
principle be separated into two, parts. 
The one part consists of the patient's 
anatomical dead space after tracheotomy 
and includes also the 
volume in the tracheal tube and the 
connecting tubes up to the Y-tube, where 
the inspired and expired gas divides to 
go different ways. This volume, which 
in the nomogram is designated D, pat, 
varies chiefly with factors pertaining to 
the patient. It must be calculable without 
complicated measurements or calculat- 
ing operations. According to our own 


investigations there seems to be a good 
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From the [Thoracic Clinic, Karolinska Sjukhuset. Stockholm. Sweden 
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Bronchial Involvement in Intrathoracic Sarcoidosis 
, (*.-A, ADAMSON and k. CARLENS 
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@ ° © : ° 
4 © i) 


Until recently, bronchial® invélvement 
has been’ considered a rare Shenomendh 
in pulmonary sarcoidosis, Benedict & 
(1941) Olsen (1946) 


each described a case with bronchosco- 


Castleman and 
, Le ; 
pically observed changes, in which biopsy 


showed sarcoidosis. It has also been 
stressed as remarkable that obstruction 
of fhe trachea or bronchi is practically 
never seen in cases with extensive pul- 
monary lesions, or with large hilar 
lymphomas. Thus, Hodgson & Woolner 
1954) wrote: “‘Bronchoscopy is of*little 
value in® the diagnosis of ‘pulmonary 
sarcoidosis, except in eliminating other 
conditions from consideration.” Lofgren 
& Lundback (1952), on the other hand, 
stated: ‘“*Bronchoscopy has proved a fur- 
ther aid in improving the diagnostic 
procedure of sarcoidosis, .5 cdses out of 
25 subjected to examination with this 


of 


broncRial mucosa or pulmonary paren- 


emethod yielding positive biopsies 


chyma.”’ In 15 of these cases, only por- 


4 


tions of the bronchial wall were removed, 
whereas in 8 cases a small specimen was 
taken from the pulmonary parenthyma 
as well. Histopathologic changes,typical 
ol sarcoidosis were present in one of the 
lormer specimens 4nd in four of the lat- 
le: elhis is interesting, since no data 


y 


& 


te 


were given regarding the eventual pre; 
ey : : 
sence of macroscopic bronchial changes, 
and the cases formed part of a large 
series of bilateral hilar lymphoma with- 
out stated pulfnonary lesions. 
30 . . € 
Similar observations were made by 
Scadding (1956) and’Gitron & Scadding 
@ 
(1957). The latter authors found marked 
changes, verified by bronchography, in 
Kalbian (1957) 


scopic sarcoidosis changes in the bron- 


3 cases. found micro- 
chial mucosa in 6 of 11 cases examined. 
Kahn & Siltzbach (1958) observed red, 
swollen mucosa in the orifice of the middle 
lobe bronchus ate bronchoscopy in one 
case. Microscopic sections showed that 
the submucosa was infiltrated with typi- 
cal sarcoidosis lesions, which remained 
unaltered during more than § years’ 
observation. The bronchogram disclosed 
bronchiectasis peripheral to these changes. 
These authors had an additional case 
with maacroscopic sarcoidosis lesionseote 
the bronchi, and 5 cases with sarcoid 
follicles in the submucosa of major . 
bronchi, although, the gross appearance 
was not remarkable. They concluded 
that involvergent of major bronchi in 
sarcoidasis is more common than syppo- 
sed. The authors also described sarcoid 


granulomas in small bronchi from lung 


“ OQ 
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BRONCHIAL INVOLVEMENT IN IN@RATHORACIC SARCOIDOSIS © 45 


o 
bronchoscopy, funnel-shaped stricture of 
. a — 

ght main bronchus was visible below the 

. S & . 
origin of the upper lobe bronchus; only an opening 
about the width of a lead pencil remained. The 
gross appeaPance of the mucosa at this site was 
completely normal, but a biopsy specimen showed 
histopathologic signs Of sarcoidosis. Prescalene 

(ey 

node biopsy confirmed the diagnosis. Among the 
fndings at functional investigation were MBC 
55 min. Bronchospirometry showed poor func- 
tion of the right lung. Vital capacity: left 84.5e,, 
©, uptake® left 93.4%, 


In view of the recurrent infections and uni- 


right 15.5%. right 6°. 
lateral localization, right-sided pneumonectomy 
was performed on March 26, 1958. Histologic @xa- 
minatfon of material removed at opemation showed 
sarcoidosis. with focal and miliary lesions of the 
lungs and bronchie The bronchi were stenosed to 
a varying degree. o) 

Case 2.——A 48-year-old farm worker, previously 
healthy. Mass chest radiography in September 
1958 shSwed an infiltration in the right lung. 
fuberculin positive. He was admittel to a sana- 
Since some bronchostenosis was obser- 
Medical 


Vhoracic Clinic with the tentative diagnosis of a 


torlum. 


ved, th® patient was sent to the 


malignant tumour of the right lung. 
1958): 


diffuse, partly confluent parenchymal infiltra- 


Roentgenologic examination (Dec. 3, 


tions in large parts of the upper lobe of the right 
lung. Bronchoscopy: slight, diffuse reddening of 
the mucosa of the right main bronchus. No visible 
tumour. Otherwise, nothing pathologic. Muicro- 
scopic examination of a biopsy specimengfrom 
the orifice of the upper lobe bronchus gave no 
definite information, but the presence of a bron- 


) se eae . 
chial adenoma of carcinoid typeewas presumed. 


\ biopsy specimen taken at renewed broncho-e 


scopy from apparently completely normal mucosa 
in the upper lobe bronchus showed histopatho- 
logic signs of sarcoidosis. Prescalene node biopsy 
verified the diagnosis. 

bronchographic examination of the right lung 
tig. 2) showed somewhat funnel-shaped, irre- 
ir stenosis of the upper lébe bronchus, about 
m from its division into segmental bronchi. 
bronchus 


iddition, the anterior seamental 


obliterated. The bronchographic features 
regarded to be indicative of constriction by 
mour. Despite certain indications of sarcol- 

© 


@ 


o 


) 

Case 2.—Bronchography right lung. The bron- 
chus of upper lobe constricted to furgfel shape 
and the anterior segment bronchus entirely 
occluded. 


dosis with bronchial stricture, it w&s considered 
that the presence of a tumour could not be ruled 
out with certginty. The patient was therefore 
transferred to the Surgical ‘Thoracic Clinic, 
where excision of the upper lobe of the right lung 
1958. Histologic 


examination of material removed at operation 


was performed on Dec. 30, 


verified the diagnosis of bronchopulmonary sar- 
COIdOSIS. s 

Postoperative bronchography of the left lune 
showed a number of variations in size of the bron- 
chial lumen of the type observed in sarcoidosis. 
The patient was discharged free from symptoms 


on Jan. 31. 1959. 


DISCUSSION 

- ‘ . ied * . 

Bronchoscopy is, in fact, usually indi- 

cated in the presence of uncertain pul- 
ole @ 
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biopsy in two cases. Autopsies are rare 
in the acute stage of this disease, but 
‘judging by the old fibrotic cases—the 
pathologic findings in the lung seem to 
be localized chiefly to the interstitial, 
perivascular and peribronchial tissues. 

In recent years,°we have generally 
performed both bronchographic and 
bronchoscopic examination in the inves- 
tigation of cases of pulmonary disease. 
Like several other authors, we have then 
observed variations in the lumen of the 
bronchi in fnany cases of sarcoidsis 
without® fibroti® changes, for the first 
time in 1955. At bronchoscopy, it has 
sometimes been possible to observe these 
changes, whereas in certain cases only 
mucosal reactions were seen, and in 
others the appearance was entirely nor- 
mal. Histologic examination of biopsy 
specimens taken at bronchoscopy has 
not infrequently verified the diagnosis 
of sarcoidosis. A remarkable fact is that 
this applied even im some cases in which 
no gross changes could be observed. 

In the to cases described in the follow- 
ing, the investigation led to*intrathora- 


cic Operation. 


CASE REPORTS 


Case 1. 
healthy. Mantoux test negafflve (1 mg). 


A 50-year-old woman, earlier mainly 
In the 
spring of 1957, she had a dry cough and marked 
dyspnoea, and in June periods of fever which, 
after roentgenologic examination, were inter- 
preted as right-sided bronchoponeumonia. She 
subsequently had three similar febrile episodes, 
and increasing dypsnoea. In December 1957, 
bronchostenosis with atele tasis appeared in the 
right middle lobe, and Bronchiectati: changes in 
the lower lobe. . 
Medical ‘Thoraci 
1958, the patient’s general 


(On examination at the 


Clinic in January 


Case 1|.—Bronchography right lung. Circular 
constriction of the main bronchus. Bronchus 
of the intermediate lobe obliterated. Lumen 
variations of other Bronchi above all in the 
inferior lobe. 


condition was good, but she had marked dysp- 
noea in the recumbent position and on exertion. 
Roentgenologic examination showed hilar enlar- 
gement en the right side, as well as stenosis of the 
right main bronchus below the origin of the upper 
lobe bronchus. The middle lobe was atelectatic. 
These findings were confirmed by bronchography 
Fig. 1); circular constriction of the right main 
bronchus was present about 14 cm below the 
origin of the upper lobe bronchus. The middle 
lobe bronchus was obliterated. The lower lobe 
bronchi exhibited changes in the form of great 
variations in size of the lumen, with both stenosis 
and areas of dilatation. Variations in size of the 
lumen were also observed in the upper lobe 


bronchus. 
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From the Department for Pulmonary Diseases, St. Goran's Hospital, Stockholm. Sweden 


ed 


Investigation on the Bacterial Flora in the Bronchi in Cases 


@ of Pulmonary Tuberculosis 


© 


S. BerGcovist and F. HAGERMAN ® 


@ 
In connection with an investigation on 
the occurrence of tubercle bacilli in 
resected lung tissue, non-specific bacteria 
were practically never found, despite the 
fact that the samples had not been acid- 
treated before the inoculation on the 
Dubos and Léwenstein substrate. The 
reason for this may have been due to the 
“circumstance that before the operation 
the patients had been treated with 
streptomycin or to the unsuitability of 
the substrate in question for the demon- 
stration of other bacteria than tubercle 
bacilli. On the other hand, there was, 
of course, the possibility that in these 
patients with pulmonary tuberculosis 
the bronchial mucous membrane was as 
a rule sterile. ‘To investigate this problem 
bacteriological studies were carried out 
on bronchial secretion from patients in 
connection with bronchoscopy and from 
lung resection specimens. 


TECHNIQUE AWD MATERIAL 


Vhen the bronchoscope is pushed down, there 
rmed at its aperture a b@d of mugs which 
uns bacteria of the mouth cavity and the 
it. If bronchial swafs are taken with the 


of an ordinary probe, the end wrapped with 


cotton-wool will pra tically always be contami- 
nated with this mucus. For this reason a swab- 
carrier was constructed. This was guided in the 
centre of the bronchoscope with the aid of thin 
steel springs which were soldered on. (Fig. 1.) In 
this way it was possible to avoid a contamination 
by bacteria of th® mouth cavity and throat. The 
springs did not obstruct the view, and it was thus 
possible under direct control of the eye to take 
samples of bronchial secretion from suitable bron- 
chial sections. Samples were taken from 45 cgises 
with active pulmonary tuberculosis, to 12 of 
whom antibiotics had byen administered before 
thegbronchoscopy. 


Shad been 


As soon as the lung = sj%&cimen 
resected during the operation, at least two swabs 
were taken from the bronghi. Thirty-nine spe- 
cimens were examined from the same number 
of patients with current pulmonary tuberculosis, 
all of whom had received streptomycin before 
the operation. 

All specimens were plated on the following 
media: two blood agar plates for aerobic anc 
anae®bic incubation, one blood agar plate with 


a streak ol Staphylococcus pyogenes to show the 


—® 


Fic. |. Apparatus for bronchial swabs. 
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monary disease. It is therefore of some 
value when sarcoidosis is suspected to 
be acquainted with the microscopic 
changes in the bronchi even with a nor- 
mal gross appearance. [he chances of a 
positive diagnosis are probably, increased 
if a biopsy specimen ts taken from several 
sites in the bronchial tree. Kalbian has 
stated that it is reasonable to take the 
4 specimen frome the bronchus draining 
the area which, on the roentgenogram, 

shaws the maximum °disease. By _ thjs 
aneans, prescalene node biopsy or media- 

e stinoscopy may be rendered superfluous. 

ve Cae difficult to determine the functio- 

nal implications of the bronchial changes. 

° It is true that eniphysema occurs, but 

aceprding to Marshall et al. (1958)—the 

* dearease in, ventilatory Capacity is sel- 

dom as pronounced as the defect in 

" diffusion capacity, probably caused by 
obliteration of the fine vessels. Mofeover. 
bronchial stricture usually leads to bron- 
chiectasis, which is considered to be rare 
in* sarcoidosis. Consequently, it seems 
: likely that the bronchial lesions—like 
° sarcoidosis lesions at other sites in the 
body—heal relatively without traces in 
many cases. [That they may, however, 

e persist can be inferred from the cases 
reported here. It is also highly probable 

that they are actually primary bronchial 

e changes and enot, as has been believed 
earlier, secondary lesions on the basis of 


2 ~ . . . 
fibrosis and shfinking of surrounding 
(e) 


tissuese ° 


SUMMARY 


An account is given of two cases of broncho- 
pulmonary sarcoidosis. In one case, in which the 
changes included circular stenosis of the main 
bronchus and obliteration of the middle lobe 
bronchus, right-sided pneumonectomy was perfor- 
med. In the other tase, in which one of the 
features was funnel-shaped stenosis of the upper 
lobe bronchus on the right side, operation con- 
sisted of excision of the right upper lobe. 

In both cases, examination of a biopsy specimen 
from, apparently completely normal mucosa 
disclosed pathohistologic lesions indicative of 


sarcoidosis. 
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was introduced through the pharyngeal 
tul in anesthetized patients. In this 
connection he found that patients with 
healthy respiratory passages had a sterile 
bronchial secretion. It was, moreover. 
possible to show that asthma patients not 
infrequently lacKed bacteria in the bron- 
chj. Later, in connection with broncho- 
scopy, Brumfitt and co-workers intro- 
duced a specially constructed carrier into 
the bronchi and took samples of secre- 
tidn .Without contamination with bac- 
teria from the mouth cavity and throat. 
hey examined 42 persons with healthy 
lungs, all of whom had sterile, bronchial 
secretién, in spite of the majority of 


them harboring one or several of the 


- 3 fe) 
commonest kinds of pathogenic bac- 


teria in the mouth cavity or throat. 
On the otker hand, of 27 patients with 
chronic bronchitis (with or without 
bronchiectasis), every one had patho- 
genic bacteria in the bronchial secretion. 
The commoneste infectious agent$ were 
12) 
Hemophilus gnfluenzae, in 18 cases, pneum- 
ococci, 4 cases, coliforms, 4 cases and, 
finally, f-streptococci in,one case. The 
12) 12) 
same writers also showed that with 
simultaneous ¢xamination eof sputum 
and pharyngeal samples it Was possible 
to get some idea of the bronchial infec- 
tion. In those cases in which pathogenic 
bacteria were shown to be present in 
sputum but notin the pharyngeal sample, 
it was probable that these bacteria deri- 


ved trom a bronchial infection. Tunevall 


and Wasserman. on the other hand. 
lound in certain cases pathogenic bac- 
teria in bronchial secretion collected in 


ordinary way, but not in sputum 
t the same patient. According to 


May, this may” be explained by the fgct 


© 


that different portions of sputum may 
This 


therefore draws attention to the impor- 


contain diflerent bacteria. writer 

tance of making simultaneous cultures 

from several samples of sputum. 
Investigations on the bacterial flora of 


the bronchi in cases of pulmonary tuber- 


re) : : 2 : 
culosis with the help of an improved 


tecAnique of sample-taking in connection ° 


withSbronchoscopy have not, as far ag 
. Oo 

we are aware, been pyeviously published. 

Palva and co-workers, however, brought 

up bronchial secretion with suction and 

‘ : . . . o 

in 131 examinations of cases of pulmonary 


tuberculosis they found bacteria 128 


times, though lg geherad ortly. apatho-~ 


genic bacteria.° However, in seven cases 
: ° ® 
Staphylococcus pyogenes was 
fe , ; 

three pneumococci, in six Haemophilus 
. ° ; fo) . 
influenzae and in seven cases Proteus, 
though not in pure culture. This was of 
course underlined as a noteworthy fact, 
in consideration of the general abundagt 

° Penh 
occurrence of bacteria. The conclusion 
arrived at, however, was that tubercu- 

. ° 

lous disease of the lung probably damages 


the bronchial mucous membrane. so that 


shown, Ine 
[o) 


commensal bacterial flora in the@mouth, 


cavity and throat could wander down 
and infect the bronchial tree. What 
9 © 
appears to us most probable, however. 
. e . (3) 
is that these bacteria had been carried 
‘ @) e ‘ . 
down in the bronchial tree in conne@tion 
Oo . 
with bronchoscopy, and thus consttu- 
. @ . , 
ted a contamination. The correctness ol 
the results found, by us 1s also favoured 
e ‘ . @) 
by the circumstance that it is only rarely 
that one sees any) eflect of non-specifi 
a :; ' Or 
antibiotic therapy in caseseol pulmonary 
tuberculosis even where there are caverns, 
lever and copious sputa. 


& 
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TABLE |. Findings of non-specific bacteria in the bronchi of 45 patients with 
bad * 
pulmbdnary tuberculosis. 


Sputiim volume per day, ml Culture 
No. of — 
cases ) I-35 6-25 25 Pos. Neg 
’ . . - : O *) 
lreated with streptomycin 12 6 2 ie | 
Not treated : 33 16 9 9 3 4 0 99 
So 2 5 @ 
@ hose 
hes —— . oe ~ ° 
satellite growth of Haemophilus influenzae and a In the bronchial swabs from? the 39 
: : : ) © 
broth tube with thioglycollate; ana, a resection specimens no growth was 
broth — sodium azide for con- obtained in 83 cases. In the®remaining 
centration. @ . — 
° six there were pneumococci in two Cases, 
© : . 
Staphylococcus pyogenes in two (the cme ' 
RESULTS strain streptomycin-resistant),  Alcali- 
| see oa he 
. genes Sp. (streptomycin-resistant) in one 
In bronchial secretion taken in conrfec- : , iy r es 
° es and, finally, diphtheroid rods in one 
tion with bronchoscopy (Table 1) the 9 
' IT a case. In three of these patients brenchiec- 
result of cultivation was negative in || ji 
? tasis had been diagnosed before the opera- 
of the ¢2 cases that had for longer or ° o 
® . tion. In oneeof the other three there was 
shorter periods been treated with strep- La pana is: 
:; ° ee a pronounced fibrotic tuberculosis in 
tomycin before the examination. dn one ; ; 
: . @ . which bronchiectasis was probably 
case a“*pure culture of Staphylococcus pyo- 
| present but in which bronchography had 
@enes »(the strain was streptomycin- . 
et not been carried out. All the cases were 
resistant) was found. Ten days earlier ' 
. free of sputum before the operation. 
this patient had undergone resection 
° 
. . . co) ° 
operation combined with bronchoplasty. : 
. . ne oO 
Among the remaining 33 cases that had ene e 
© | oo DISCUSSION 2 
not been treated with antibiotics before © 
the bronchoscopy, /-streptococci were On account of the difficulties in taking 
. _ ¥ R ec : : ° ; 
found in one case, mixed flora consisting | samples it, has not previously been pos- < 
. . . . \e) . . 
of only apathogenic bacteria in two cases ° sible to get a reliable notion of the bacte- 
oO J) 
and, finally, mixed flora consisting of rial flora of the bronchi. Through the 
© , ; , 
pneumococci: and apathogenic bacteria so-called washing of sputum Mulder | 


in one case. Among these four cases gnly 
© ) 
the last-mentioned produced sputum, 
. . * © 
gand this in the amount of about 200 ml 
per 24 hours. It is open to question whe- 
ther in the cases with mixed flora the 
. 3@ 
bronchial “sample had not been conta- 
minated with bacteria from the mouth 


cavity and throat. 


= 


was able to show as a prolfability that 


the commonest agents of infection in 
cases of chronic bronchitis and bronchiec- 
tasis were Haemophilus influenzae, pneu- 
mococci and coliforms. Only in isolated 
cases did f-streptococci and pyogenic 
staphylococci occur. Colldahl and co- 


workers constructed a catheter which 


Oo 
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The Airway Dead Space in Tracheotomized Patients’ 
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G. Brkaru. R. MALMBERG, M. Beck and N. P. BerGu 
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Tracheotomy has proved to be of great 
value during the postoperative period 


following major surgical thoracic opera- 


tions. By tracheotomy the patients’ air 


passages can be kept’ clear much more 
effectively than by coughing alone. This 
is of special importance if the ,espiratory 
reserves are small, since impaired venti- 
lation, due to the accumulation of secre- 
tions, may prove deleterious. In this 
” case, tracheotomy serves also another 
purpose, viz. to provide an improved 
alveolar ventilation through a reduced 
airway dead space. i 

|gdhe aim of the present investigation is 
to ascertain the degree in which reduc- 
tion of the dead space may take place. 

© 


METHODS 


The respiratory dead space, which has 
been determined by this method, refers 
to the air passages, and is called the 


airway dead space, the anatomical dead 


space or series dead space, in order to 
differentiate it@rom physiological dead 
spa which includes both the airway 
dead space and the alveolar VOlume. 
wh either no gas.exchange, or only 


ported by a grant from Statens Medi- 
t orskningsrAad. 


O Oo 
incomplete exchange, takes place as a re- 
sult of reduced circulation in*relation to 
ventilation (viz. the dead space effect 

The determination of the airway dead 
space was made according to the prin- 
1948), 


the continuous analysis of the N, content 


ciple. devised by Fowler with 
of the expiratory air after the inhalation 
of pure O,. At the beginning of expira- 
tion, pure QO, issues from thedead space: 
this is fllowed, first, by a mixture of O, 
and N, containing some alveolfir air, 
and finally, by pure alveolar air. 


oa: 
> Kither a 


geometrical construction 
Fowler. 1948) or a model experiment 
(Birath) may be used to subsequently 
determine a point on the N, curve, which 
corresponds to the dead space of the air 
passages, and divides the S-shaped curve 
between pure O, and pure alveolar air 
in a certain proportion. 

The principle ts illustrated by the 
diagram (Fig. |) and by calculating the 
value of the dead space from a given 


curve (Fig. 2). For a more detailed de- 


scription reference 1s made to a forth- 


coming publication (Birath 
When using this method, the standard 
error for each determination ts ca. + 10%. 
‘The determinayon was carried out 


as follows. A spe ial mouthpiece, with a 


c 


° 
Oo 
50) S$. BERGQVIST AND F. HAGERMAN ° 
SLU’MMARY BERGMAN, S. & COLLDAHL, H.: Sputum diagr 94gj 
® tas : : , ; 
ea i . in asthma bronchiale with special referenc to 
fhrough a special method it is possible to — 
| ; the occurrence of a complicating bronc ja] 
* make bronchial swabs in connection with bron- ‘ " adel ee 
) +] bill +] | ) infection. Acta Allerg. 10: 63, 1956. 
choscopy without contamination WIth, OFfal aft — 
P a = Brumritr, W., WittouGHuBy, M. L. N. & Brow. 
pharyngeal organisms. With this method it has ) 
| ; LeY, L. L.: An evaluation of sputum examina- 
been shown that in cases of pulmonary tuber- ‘Yeo ; Se a ; 
tion in chronic bronchitis. Lancet 2: 1306, 1957. 
culgsis the Bronchi are as a rule sterile. 9) — ) — a 
si ’ . GroOnrOooOos, J. A., PALVA, T. & SALOHEIMO, M.: 
Where non-specific bacterial infections are , ne ' 
ll Bronchoscopic observations in pulmonary 
found there is probably the complication’ of . eg 4 
. i ns tuberculosis. Acta tub. Scand. 32: 163, 1956. 
pronounced bronchiectasis and stenosis. This ‘- gt | 
ceniicha May, J. RK.: Pathogenic™’bacteria in chroni 
was shown by the examination of resected lung re ‘ a 
fe) bronchitis. Lancet 2: 899, 1953. 
specimens. wii 
| Mutper, J.: Haemophilus influenza ( Pfeiffer)as 
oO ® . - _ ~ ’ ‘ - ’ © ° . 
REFERENCES an ubiquitous cause of common acute and 
BercMaAN. S.. CoLLpaHt, H. & Nitsson, E.: chronical purulent bronchitis. Acta med. Scand. 
— er | Qd4+ « Q 
Bronchial infection and B.S.R. im asthma 4: 98, 1938. 
1) ‘| . . ’ 
e . . . TATE US J + : 4° ’ . . ’ » . e ; 
with a description of a method for sterile TUNEVALL, G. & WASSERMAN, J.: Betydelsen ay 
. . . - . ~ > ’ : ; : : re . ° “oe . = 
removal of bronchial secretion. Acta 4llerg. 8: bakteriefynd i upphostningsprov. Svenska Lé 
S © or. 52. 4G‘ Q55 
“ = : 463, 1955. 
163. 1955. oe @ kartidn. JIT 163 | A 
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null nary-function tests showed restrictive venti- 


®jatory insufficiegcy. Immediate tracheotonyy was 


perl med after the long operation, because of 
respiratory difficulties. 

BR. F. Progressive symptoms of myasthenia 
gravis for one and a half years. Normal chest 
radiograms. Preoperative pulmonary-function 
rests revealed ventilatory insufficiency, probably 
due to muscular weakness, which also increased 
the residual volume. Thymectomy was performed 
on 24 February 1958. Postoperative ventilatory 
insufficiency, was so manifest that tracheotomy 
was immediately performed. 

Si. J. A rotundiform bronchial carcinoma, the 
size of an Srange, in the right upper lobe:°with 
symptoms indicating one month’s duration, and 
a little pleural exudate. Function tests were within 
normal lingits. Upper lobe resection on 15 Decem- 
ber 1958. Recurrent laryngeal paralysis hindered 
expectoration; ‘and therefore a tracheotomy was 
performed on 18 December 1958. ° 

Bb. W. Right-sided, chronic apical tuberculosis 
with bronchiectasis and smallthanges in the left 
apex. Preoperative function tests for both lungs 
were -within normal limits; But bronchospiro- 
metry revealed reduced vital capacity, and dimi- 
nished Og uptake on the right side, which was 
only 45° as compared with the normal 55 ° 
Bilobectomy (upper and middle lobe), with thora- 


9 © o« . ‘ “ 
coplasty, was performed by Bjork’s method on 26 


January 1958. Postoperative, temporary diaph- 


ragmatic paralysis on the right side, with paradoxi- 
cal breathing &nd expectoration § difficulties; 
cOnsequently, tracheotomy was performed on 28 
january 1959. 

H. M. Carcinoma of the thyroid gland, infil- 
trating the trachea: symptoms indicated 7 months 
duration prior to operation. Preoperative radio- 
gram of the lungs was normal, and the function 
tests were within normal limits, with the exception 
of a diminished maximal voluntary ventilation: 
probably owing to tracheal obstruction. The tu- 
mour was extirpated on 4 December 1957, and 
tracheotomy was performed on, 29 January 1958, 
because of tracheal stenosis that followed resection 


Ol tumour. The patient died subsequently, 


ilues of the dead spaces obtained 


Wil \out tracheotomy are, on the whole, 
in “ood agreement with what may be 


i4 t rafourd 
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=) 


expected, with regard to body weight 
and sex. Thus the males had’ the highest 
values. For Sv. J. and Si. J. these values 
are within normal limits, whereas B. F. 
has a surprisingly high value (247 ml 
BIPS). Though there is no reasén to 
suppose that any error was made in this 
determination, nevertheless, no  con- 
clusion$ should be ‘drawh from. this 
exceptionally high value, The dead 
space was determined, without tfache- 
otomy, for only oneeof the two female 
patients (B. W.), and was found to be 
within the expected range. 

The values of the dead space, following 
tracheotomy, are all under 100 ml. Re- 
duction in individual cases was 111, 190, 
107 and 77 ml or 62, 77, 54 and 63% 
respectively. Thus, as a result of trache- 
otomy, the dead spaee was reduced by 


about a 4 or 3 (Possibly even more), 


@® 


© 


oO 


DISCUSSION 


It is clear that the #espiratory economy 

. © ys. 
can profit greatly by tracheotomy. Jhe 
reduction of the dead space.is of parti- 
cular importance under cenditions where 

:; “a pote Fe : 
breathing volume is ampaired. After 
major thoracic operations, by this means, 
a high @otal ventilatior? is®often main- 
tained, with a small breathing volume at 
a high frequency. With, & “breaghing 
volume of 0.3 liters, for example, and a 
respiratory dead space of 0.150, the 
alveolar ventilation is only 50%, of the 
total. But if the dead space is reduced to 
0.050. not less tkean 0.250 liters ol 
the total ventilation reach the alv@oli and 
are utilized. i.e. 83 % o& the total ventila- 
tion. Consequently, tracheotomy raises 


the alveolar ventilation by ca. 60—/0' 
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‘ . . ‘ _ S 
given volume, was fixed to the tracheal conducted while the patients®were in a 
cannula. The patient then inhaled about sitting posture; but in all other respects 
0.5-0.7 liters of O, and immediately the technique was that described for 

ry . . . . . 6 © 
exhaled. The registrations were made _ patients in a supine position. : 
while this was taking place. Any secre- @ 

. . e . . . 
tion found in the patient’s air passag@s RESULTS 
was sucked out before each determina- 

Bei a hot Consistent results were obtained® in 
tion was made. Owing to the poor 

| = : ' those cgses where cooperation with the 
general condition of the tracheotomized ; 

ee Sr aaa patients proved possible, and where the 
patignts, the determinations had to be ; | 

yor Le : | Se . composition of their alveolar air was |? 
carried out while the patients were in a 

, es 7 gf Lee! ER fairly uniform. In emphysematous cases. 
supine position. Any new investigations, i ' @ 
oth 3 ve | “which represent a large part of the 
after the tracheotomy was closed, were, | 
- ; tracheotomies, the method yielded un- 
® a 
eupires certain results, because of the irregular 
volume, | | 
° : ; : . : :, ' , G 
| e distribution ,of the expired air. Conse- i 
| : - | 
1 quently, such cases were not investigated 
08300) 
| , td.-meter _ im this Way. 
6 | a ; , 
0.200} Sv. J. In 1954-1955 lung changes of a sarcoid 
i? type, which were treated with X-ray 6n the hilar 
0.100} a lymph nodes, and later with cortisone. In 1959 
| 3 pneumonia and pleurisy on the right side. In 
fe +. Novefiiber 1956, a large shadow ot a tumour - 
Spirometer x discovered in the anterior mediastinum. This 
; was removed surgically on 13 February 199/. 
"IG. 4. 


Record of volume and N, concentration 
of expired gas after O, inhalation. 
N,-meter; dashed line, theoretic#l gas front. 
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and proved to be a malignant thymus. The lung 


radiogram was otherwise normal. Preoperatve 
? 


i- 


A | HIRURGICA SCANDINAVICA, SUPPL. JI45: 55 58. 1959 
j ) 


From the Department of Thoracic Surgery, and the Department of Anaesthesia, 
University Hospital, Uppsala, Sweden 


“ 


Surgery at the Left Bronchotracheal Junction with 


: the Aid of Green’s Tube 


@ V. O. BjOrRK and M. H:son HOLMDAHL 


1) 
Resection or anastomosis at the left an angle of approximately 15°. (See 
bronchotracheal junction may be a very Fyg. 1.) On this bent portion of the tube 


trying and difficult surgical procedure. 

We consider these operations best per- 
. bd o.8 

formed in the face-down position and 


, > : . ‘ sh alae ¢ ' ad 
sometimes after mobilization of the : WHI 


aortic arch with division of the first 4,t% 
) pairs of intercostal arteries. ‘The use of 

a Grgen’s tube for right-sided endo- 

bronchial anesthesia (Green and Gordon, ° © 
1957) is of great help in these difficult 

cases. Earlier we (Bjork, 1955) used 


Wa 
: 
either lateral occlusion of the trachea by 


a Pott’s or Super Satinsky clamp or 
intermittent occlusion of the opening 
ifto the trachea with the finger in bet- 


ween the placing of the sutures for the 
; Oa 
anastomosis. Now we always use the 
eo 
© 


Green’s tube for these cases and consider 


it a great improvement, with perfect 


» 
— 


®urgical procedure. 


TECHNIQUE /] 
© ° ’ 


een’s tube is made of rubber and 


has an j n: -= : '« Fic. 1. Diagram of Green’s tube in place for nght 
c 8 yy | | ; oN 
ternal diameter of 8 o1 canes lung anesthesia. Note the hole for ventilation 


5 or 9). Its lower end is bent at of the right upper lobe. 


anesthetic control and an unhurried 


( 


‘] 
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Tas_e |. Preeperative lung volumes and airway dead space in five subject.. 


Bracketed figures = per cent of predicted values. ) 


re Airway dead space in ml (BT PS) 
@ az Lung volumes before operation, — 
— in liter (BTPS) With Without 
. mY. tracheotomy tracheotomy Re. 
Ss Max vol. duc. 
= = Vital cap. Resid.cap. vent. Single Single tion 
Case Sex Age DZ & liter liter limin FEV%* determ. Af determ. M ~% 
fo) 
° a 
Sv.J. M 53 187 94 3.5(63) 1.91 (100) 69 (51) - 67.87,61, 69 160,168, 180 62 
67, 64 195, 186, 
195 
BF. M 59 164 54 3.4(92) 3.13(180) 61 (56) Ol, 70,34, Dt Zamacls 20t Fi 
43, 53 223, 293, 
a 253, 246 
S.J. M G6 I/l 73 3.9(93) 99 (90) 65 84, 90, 80, 91 202,211, 198 54 
° 90, 185, 194 
100, 100 
B.W. F 43 159 66 = 3.3 (100) . 88 (98) 79 =—s- 36, 46, 36 35 «140. 122, 132 63 
36, 23, 32 118, 127, 
36 135, 144, 6 
135 
H.M. F 37 172 66 4.1 (100) 1.52 (100) 55 (57) - 244559 20 
18, 18 
“ FEV % = forced expiratory volume in first second as per cent of forced vital capacity. 
. ° 
° 
® 


The finding mentioned in the preced- 
ing section agrees well with the results 
obtained by Carter & Giuseffi (1951), 
who found thateby tracheotomy in 3 
cadavers the so-called anatomical dead 
space was reduced by Pi0, 115 and 125 
fnl respectively. 

Blakemore (1953), using Fowler’s 
method, found a reduction of ‘‘from 50 
to more than 120 cc followin® tracheo- 

@ tomy’. In our cases the reduction was 
found to be somewhat greater. © 

Consequently, from the viewpoint of 
respiratory economy, tracheotomy is to 
be highly recommended fow cases with 
shallow breathifig and difficult or trying 
respiratory work; and it is particularly 
appropriate when secretions in the agr 
passages further impair breathing. 


@ 


SUMMARY 
The respiratory dead space (airway dead space) 
was determined by Fowler’s method in 5 cases 
with tracheotomy, as well as in 4¢cases after 
tracheotomy was closed. ‘The dead space was 
reduced to about 4—4, and possibly even a greater 
reduction can be obtained by this means. Such 

a reduction is of great value from the viewpoint 

of the respiratory economy. ° 

: ® 
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LEFT BRONCHOTRACHEAL JUNCTION SURGERY WITH GREEN’S TURI y/ 


monectomy with total thoracoplasty. 


—— oe. , _ —_ 
and scapula 3 times, viz. in 1955, 1956 


and 1957 (Fig. 2). As the®bronchaal 


. . 9 
fistula to a empyenfa pocket remained 


see Figs. 2 and 3),.its extirpation was 
cc) 

advised in 1958. ‘The patient was placed 

in the face-down position with a Green’s 


; ; ® 
right endobronchial tube in place. After 


incision and extirpation of the remains of 


a peripheral empyema pocket between the 
1e) 
chest wall and the, aorta, the second em- 


° ; ; 
pyema pocket with the bronchial connec- 
12) 


ie) 


a Case 2. Bronchography demonstrating 
stula to a small residual eggpyema pocket. 


2. Case 2. X-ray of the chest after left pneu- ® 


& 


/ 


Fic. 4. Diagram showing Green’s tube in place 
while*the left main bronchus was excised from 
the trachea behind the aortic arch. 


tion was dissected under the aortic arch. 
The peripheral part of that empyema 
was freed after a difficult dissection with 
an accidental opening of the stump of 
the pulmonary artery. As a follow-up to 
the trachea from below was not possible, 
the upper 3 pairs of intercostal arteries 
were divided and the arch of the aoa 
moved forward. The trachea and oeso- 
phagus could, then be dissected behind 
the aorta. After dislocation forward of 
the aorta,.the remains of the leftebronchus 
way Excise from the trachea in healthy 
tissue. (See Figs. 4 and 5.) The opening 
to, the trachea was sutured at ease with 
(;reen s tube in exact position. Then the 
central pareol the empyema ot the right 
main bronchus amd aorta was dissected 
from behind adhd above the aorta until 
the plane of cleavage developed trom 


helow was reached. The remains of the 
© 
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is a 2 cm long and 3 mm wide hole for 
the right upper lobe bronchus. An inflat- 
able cuff is attached to the margin of 
this aperture. The tube has a second 
cuff for occlusidh of the trachea. About 


one em above the hole for the right upper 


lobe bronchus is a stiff rubber hook. 
similar to that on the Carlens’ tube 
Carlens. 1949). ‘The tube 1s. either 


introduced under direct vision through 
the larynx and pushed blindly down the 
trachea until the hook is felt to be enga- 
ged by gheecarina, or it may also be 
placed in the correct position with an 
introducing bronchoscope. When_ the 
bent portion of the tube ljes correctly in 
the right main bgonchus with the distal 
cult inffated, respiratory sounds can be 
heard*Sver the right lung, including the 
upper lobe. No sounds can then be heard 
over the left lung. 

In cases in. which it is desirable to 
ventilate both e lungs during certain 


. (o) . 
stages of an operation one can easily do 
e) ‘ 


°*so by inflating the upper (tracheal) cuff 


. o . 
for occlusion of the trachea and deflating 


° re 
the lower (bronchial) one. This, howéver, 


.@ 
will aflgrd only a very narrow air 


passage to the left lung unless the tube. 
.o) 


is withdrawn until its lower orifice lies 
° 
in the trachea. We have found it very 
° , *» 
easy to go up and down with the tube 
and only have it in the ““down”’ positjon 
with the lower bent portion in the right 
main bronchus when right lung anesthe- 
sia is desired (e.g. in case No. 6, Table 1). 


After induction with an ultra-short 


. . »> © 
acting barbiturate we have used succi- 


n@lcholine to facilitate intubation in 
order to avoid d&mage to the cords by 
the rubber hook. Anesthesia has been 


maintained with N,O-O,-d-Tubocurarin, 


@ 
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TABLE | 


Case Age. 


no. 


yea@®rs 


Sex 


Indication for use of Green’ s tube 


Nm 


4 


38 


54 
) 


M 


M 


re, 


High resection for left 
bronchial carcinoma. 
Left postpneumonectomy tuber- 
culous empyema with brop- 
chopleural fistula. See case re. 

port. 

Left extrapleural pneumoneec. 
tomy for destroyed lung with 
tuberculous empyema and 

ronchopleural fistula. 

Re-resection for destroyed lef 
tubercuPous lung. 

Extrapleural pneumonectomy 
for destroyed tuberculous lefi 
lung. 

Stricture of left main bronchus. 
Dumsng operation Jeft main 
bronchus found to be kinked. 
Left upper lobe + superior seg 
ment left lower lobe + osteo- 
plastic thoracoplasty perform- 
ed for pulmgnary tuberculosis. 


main 


M Destroyed left lung with tuber- 


culous cavitation. 


the 


~ @ 


‘s ° . . 
Engstr6m respirator with inter 


® 
mittent over- and under-atmaspheric 


pressure being used for the purpose 
(Bjork et al., 1956). 


e) 9 


MATERIAL 


Our material is summarized in ‘Table 


3 


rr? © . 
Phe, advantage of the technique 


described is clearly illustrated by one 


of our cases. 


Oo 


Case 2: A 38-year-old man was treated , 


. ‘ss -« © 
with a left artificial pneumothorax from 


In 


"1940 to 1945 for pulmonary tuberculosis. 


1950 an 8-rib thoracoplasty was 


- 3 
performed and in 1952 a left pneumo- 


Di: 
nectomy was carriea out on account of 


a left main bronchus stenosis. A broncho- 


pleuro-cutaneous fistula occurred, neces 


sitating local resections of the chest wal! 


i- 
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From the Medical Thoracic Clinic, Karolinska Sjukhuset, Stockholm. Sweden 


Therapy in Bullous Emphysema 


© 
A Preliminary Report - 
® 
‘ b= e STIG BJORKMAN 
® 5 C 
° 
: 0 
A ° 
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Bullous emphysema has in many cases 
a definite tendency to expand. The basic 
epathophysiological processes which cause 
this progress will not be discussed here. 
Durirfe clinical observation, however, it 
can be seen how the bullae gradually en- 
large with simultaneously increasing com- 
pression of the adjacent pulmonar® pa- 
until one or more large, 
balloon-like distended 


© 
cysts are formed in one or both lungs. 


renchyma, 


emphysematous 


Subjective symptoms appear only 
in®°the later stages of the disease. The 
prevalent symptom is dyspnoea, which in 
the early stages of the disease appears 
only with physical effort. However, as 
pulmonary ehanges progress, dyspnoea 
occurs more easily so that finally it oc- 
curs even at rest. In eaddifion, the risk 
of a spontaneous pneumothorax due, to 
a rupture of a bulla is not Insignificant. 

the therapeutic treatment considereg 
in bullous emphysema has mafhly been 
of a surgical nature. Extirpation of the 
lobe or the segment is performed if it is 
a solitary air cyst. In cases of multiple 
bullae, localized in more than one lobe, 
the local excision and plic&tion-imbrica- 
ti 


ee? 


technique has been used. 


It is outside the scope of this brief 


° yeport to discuss the andications agd 


econtra-indications, complications and 
the final results of surgical therapy. How- 
ever, the obvious fact that the contra- 
indications against surgical intervention 
are increased with the multiplicity and) 
or bilateral occurrence of the ¢ysts should 
be pointed out. 

It is e@ident that it would be desirable 
to have a_ therapeutic method which 
would permit destruction ofthe bullous 
changes in the Jung without the hard- 
ships and inconveniences suffered by the 
patient as the result of an intra-thoracic 
surgical procedure. Such n possibility 
might result from fnjecting an astringent 
substance direcfly into the bullae, thereby 
obliterating their connecting airways. 
Once tlfis occurs the® enclosed gases are 
slowly absorbed, resulting in the dis- 
appearance °of the cavity. ‘Consequently 
the surrounding atelectasis will reinflate 
and the lung funetion improve. : 

Preliminary tests with such therapy 
have been carrjede on for some time, 
The following is only a short account 
of the first case with a sufficient period 


of observation after theetreatment. 


Sas iamcainenecns ss eaean ae 
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Fic. 5. Diagram from the operation showing the 
mobilizationgof the aortic arch after division 
of the four upper pairs*of intercostal arteries. 
The main bronchus is excised from the trachea 
and the lateral hole in the trachea closed. In 
this case it was technically impossible to dissect 
from below the remaining empyema pocket 
under the aortjc arch without its mobilization. 


fo) 
12) 


® 
io) © ° 
left bronchus in one block with the em- 
pyema pocket wasethen removed. This 
operation could not have been performed 


only from below*the aorta. The patient 


1o) 
» made an unevegtful recovery and left 


the hospital 17 days after surgery and 


is stil] 6 months later in an excellent 


®corndition. © 
‘o) ie) 
> a2 
7 DISCUSSION Z 


In no cases have we encountered any 
difficulties with the positioning of the 
tube. With adequate ventilation the 
inflation presfure Fas never exceeded 
tolerable values. Suction through the 


ro) 
ro) 


O 


C@ 
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tube has been very easy. There has jeep 
no case with laryngeal or tracheobrop. 
chial complications from the tube. 

In all cases of left pneumonectomy we 
try to divide the bronchus at the level 
of the carina. This can easily be done 
below the aortic arch and by placing 
the catgut sutures as the bronchus is cyt, 
In these cases there is no absolute indica- 
tion for the use of a Green’s tube, espe. 
cially as wet cases are done in the face- 
down position. From our experience, 
however, it is Obvious fhat all difficult 
surgery at the left bronchotracheal 
junction is considerably facilitated by the 
use of Green's tube, permitting right lung 
anesthesia. 

‘ fo) 


0 SUMMARY 2 


The right-sided endobronchial anesthed@a with 
° 
Green's tube®is described @nd its advantages 


demonstrated. 


° va) 
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rHERAPY IN BULLOUS EMPHYSEMA b | 


©) 


° 
Fic. |. Left lung before and five months after the treatment. Note, inter alia, the displacement of the 
hilar region and one of the lateral emphysematous bullae in dhe cranial direction on the occasion of 


the late® examination. 


Atter 35 months, he was readmitted 
ior a follow-up. He stated that he had 
considerably improved—so much that 
he had been in the woods a great deal 
and, in fact, a few days previously had 


waiked 16 km in the forest without diffi- 


culty. He could go up three flights of 


a, 


sta) vithout too much trouble but did 


CX] ence some shortness of breath OF) 


SOl) up a hill. He still had an occasio- 
nal cking cough. 
| nad gained 3 ke in weight. The 


oO © 


12) 


chest films showed a definite decrease of 


the bullous emphysema in the left upper 
lobe and a lessening of the compression of 
the left lower lobe caused by this emphy- 
sema. The left hilar region had _ re- 
turned to a higher and more norma! 
position Fig. 1). The residual capa- 
city had decreased*by 0.5 | and was nov 


29°98 |. the total capacity was eo 


\{iBC had increased from 64 | min. to 


When 


working Capat itv. the respiratol rate al 


$5 l/min. testin¥v tic phy iCal 


HU ° S, 


{ASE REPORT 


f« T- 


mer skiing competitor and used to heavy 


A 58-year-old lumber workman, 
work was admitted tothe medical thoracic 
clinic because of shortness of breath that 
3 to 4 


Five months prior to admission 


had increased during the last 
VCal’rs. 
this dyspnoea forced him to quit work, 
gradually being so severe that he could 
hardly walk up one flight of stairs without 
resting. He had also a hacking cough, 
a sense of pressure across his chest ,on 
making any effort, and heart palpita- 
tions now and then. 

Examination showed a man normal in 
build and with a not emphysematous 
chest configuration. ‘The heart was with- 
out remark, both physiologically, electro- 
cardiologically and réentgenologically. 


Roentgen examination * showed wide- 
spread bullous emphysema in the Jungs, 
mainly in the upper lobes but particularly 
on the left side. Both diaphragmatic arches 
were planed arfd showed reduced mobi- 
lity. Residual capacity 2.78 |, total capa- 
city 7.19 1. MBC 64 I/min. ‘Two different 
tests of the physical working capacity on 
the cycl®ergometer gave similar results 
of an increased respiratory rate of 35 
min. already at the level of 450 kg/man. 

It has been shown that a deposit of 
aureomycin in the pleura space in spon- 
taneous pneumothorax tauses an aseptic 
inflammatory réattion, which may result 
in a desirable obliteration of the pleura 
This 


chosen in an attempt to obliterate the 


leaves. preparation was therefore 


leading to the 


airways largest bulla in 


left This bulla 


punctured percutaneously with a fine 


the 


upper lobe. was 


needle; 10 cc of physiologic’ NaCl con- 


taining 


1) mg of aureomycin was then 


. . © 
gtion site and some dyspnoea, 


BJORKMAN : 


® 
injected into the cavity. The patient did 


not feel any discomfort. The same pro. 
cedure was repeated twice several cays 
later with an increased dose and con- 
centration of aureomycin, each time with. 
out the patient feeling any subjective 


ry 7 
No 


changes appeared. 


inconvenience. roentgenological 


It was then decided that a change 
should be made to injection with a more 


effective astringent, and 2 % silver nit- 


rate solution was chosen. [To prevent 


coughing and thereby toelessen a ae 
caustic effect on the bigger bronchi, 


small amount of the local waa 


xylocaine was first injected into the bulla. 


‘Toe have the anesthetic reach all parts 


e 2 


of the 1 inner surface the patient was pla- 
ced in a series of different positions. Then 


2 ml of 2% Silver 


injected and the patient again placed 


nitrate solution was 


in various positions. This time there 
were complaints of pain at the injec- 
which 
Q Lo) 

cleared shortly. 


: g 

Chest X-rays taken the following day 
showed that small levels of liquid had 
appeared within several of the apically 


located bullae. which were surrounded 


by irregular infiltrations of the lung pa- 
° 


Hoes, oe & 


An 


thorax could be seen. 


renc hy ma. pneumo- 
© 


insignificant 
The latter reabsor- 
bed in 3 days and the infiltrations disap- 
peared after about 3 weeks. During these 5 
weeks the bullae decreased in size, while 
the lower part of the left lung expanded 
upwards. The patient had a fever tor 
39°C, 


became 


9 days, 
He 


little more than one month alter 


max. after the injection. 


then and within 


afebrile. 
the 


injection he was discharged home in g od 


> condition. 
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From Soderby Hospital, Uttran, Sweden 


Complications of Internal Medical Importance after 


Surgical Treatment of Pulmonary Tuberculosis 


T. Bruce, G. DAHLSTROM and L.-G. UGGLA @ 


In close connection with operations for 
pulmonary tuberculosis a number of 
complications of an internal medical 
nature may arise. We have found it to 
be of interest to examine in this respect 
the material at Séderby Hospital. We 
have here excluded purely surgical com- 
plications, such as postoperative hemorr- 
hages and states of shock, as well as 
bronchial fistulas and air leakage. Nor 
shall we discuss gnfections in wounds 
and apicolysis spaces which have re- 
quired successive surgical decisions. Nor, 
in this connection, will reference be 
made to states of fever with mononucleo- 
sis-like blood pi€tures after operations for 
pulmonary tuberculosis which have been 
observed at the hospital and of whigh a 
preliminary account has been given ear- 
lier (Bergstr6ém & Dahlstrém, 1957). 
Surgical treatment of pulmonary tu- 
berculosis has been carried on at Séderby 
Hospital since 1930, but it was not until 
February 1954 that 


perlormed. From February 1954 to and 


resections were 
FP is i 

including August 1958 thoracoplasty has 
been performed in 134 and resection in 
3/7 patients. Somewhat more than 600 


Pat’ nts have in all thus been operated 


upon, Our investigation is restricted to 
this period of time. The operations have 
been performed by surgeons from Cra- 
foord’s group. : 

The congplications we shall discuss in 
this paper are, in the first place, ventila- 
tory insufficiency and, further, cardiolo- 
gical and 


(Table 1). 


neurological , disturbances 


The material is not suitable fora fre- 
quency study, as the cases in which the 
operative risk has been deemed parti- 
cularly high have been treated at the 
Sabbatsberg Hospital. During the period 
in question, however, also the Séderby 
mat@ial has included a_ considerable 
elentent of “‘bad risks”. 


TABLE |. 


|. Ventilatory insufficiency 

2. Cardio-vascular compRcations 
(a) Pulmonary embolism 
(b) Disturbances of rhythm and conduction 
(c) Pericarditis 

3. Neurological complications 
(a) Lesion. of cervical®plexus (contralat. side 
(b) Lesion of N. thoracal. long. (wing scapula 
c) Other complications 


VENTILATORY INSUFFICIENCY 
Among the complications which are 


of particular interest from the viewpoint 
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(50 kg/min. had decreased from 35/min. 
to 2%3/min. and at 600 kg/min. it was 
only 25/min. ® 

The pulmonary function has thus 
improved both subjectively and objec- 


tively. 


DISCUSSION 


It is too early to decide which prepara- 
tion may prove most suitable for use 
as an astringent in localetreatment of 
bullous emphysema. Experiments with 
substances other than silver nitrate are 


being continued. If this method should 


pr®ve to have the value expectec, jj 
might perhaps be possible to treat a 
group of cases which so far has beep 
unsuitable for therapy. 

©) 7 


3s 


@ SUMMARY 


A method for bloodless local treatment of 
bullous emphysema with multiple foci is illy- 
strated by the first case, where a sufficiently long 
period of observation has passed. By injecting 
directly into the bullae a 2 % silver nitrate solu- 
tion, shrinkage of the bullae was obtained. Five 
months after the intervention the patient had 


both subjectively and objectively a definitely 


improved pulmonary function. 
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COMPLICATIONS AFTER SURGICAL TREATMENT OF PULMONARY TUBERCULOSIS 


TABLE 2. 


No. of 
‘Lypes of operation Cases 
——_—_—— -_ 
rhoracoplasty, 3-9 ribs 3 
Resections 
Segmental resection in one lobe 
“roof thoracoplasty ” 
Segmental resection in two lobes 
“roof thoracoplasty”’ 
Lobectomy + “roof thoracoplasty”’ 6 
Lobectomy + segmental resection 
“roof thoracoplasty”’ | 
Pneumonectomy®. thoracoplasty 3 
Total 15 


a 


tomy plus segmental resection in one 
case. In all these cases at the same time 
a “roof thoracoplasty”’ had been perfor-e 
med. Pneumonectomy with  simulta- 
neous thoracoplasty had been performed 
on three patients (‘Table 2). 

The ventilatory insufficiency deve- 
loped at varying rates, but all patients® 
were strongly aflected when the tracheo- 
tomy was carried out. In two cases the 
procedure was performed on the same 
day as the operation, in seven cases the 
day alttr. Three patients were tracheo- 
tomized after two days, two patient® 
alter four and one, ffnally, sixteen days 
alter the operation. 

In three patients it was not necessary 
to havg recourse to respirator treat- 
ment. One patient died before it was 
possible to establish effective artificial 
respiration through the tracheostoma. 


In the remaining eleven the Eng- 
strom respirator was cognected to the 
’ + . °. . 
trachestomal cannula. The period of time 
during which this treatment was con- 
unued varied from two to seventeen 
* © 

da\ Fig, | - 
\ mere wn : : 
As regards postoperative roentgeno- 


log 


changes, the following may be 
Stat 
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In nine cases, simultaneously with the 
development of the ventilatory insuffi- 
ciency, patchy consolidations were shown 
roentgenologically, corresponding to stag- 
nation of secretion or bronchopneumo- 
nia. Such changes were found only on 
the*non-operated side in five patients, of 
whom one also had total atelectasis in 
the operated lung. In four cases there 
were bilateral changes on the X-ray. 

Total atelectasis on the operative side 
was present in another case. Poor air- 
content in the operated lung, though 
without distinctly deliminated consolida- 
tions, was observed in tw® other patients. 

In one case, alter pneumonectomy, 
there was a marked displacement of the 
mediastinum with compression of the 
remaining lung. [he displacement was 
due to a considerable hemorrhage on 
the operated side; despite evacuation of 
the blood, the ventilatory trouble re- 
mained. (compression with atele tasis of 
the lung was observed in two patients 
after thoracoplasty. ‘The conypsession 
was due to henforrhage and paresis of 
the diaphra&m in one SP these cases and 


tO haemo-pneumothorax iT} the other. 


(4 = 


of internal medicine, ventilatory insuffi- 
ciency occupies the first place. 

In 15 patients—eight men and seven 
women —there have arisen in the period 
in question ventilatory insufficiencies of 
such a serious nature that it has been 
deemed necessary in the postoperative 
course to perform tracheotomy and even- 
tually to give respirator treatment. We 
have not included in this group those 
cases that were already so aflected during 
the operation that 9 tracheotomy was 

SS. ; 
cal red out as a last step in the operation. 

The age of the 15 patients has varied 
from 23 to 61 years. 

Two patients were sputum positive within 
the two months preceding the operation, 
the rest were abacillary, but one of them 
had copious expectoration. 

The investigation of lung function betore 


© 
the operation in these 15 cases showed 


‘ . . © 
that the ventilation. assessed as maximal 


breathing capacity in liters/min., was 1n 
only two cases considerably, and in three 
cases moderately, reduced. Ten patients 
had an only slightly reduced or comple- 
tely normal ventilation. 

The 


patients moderately and in one case 


residual quotient was in three 
considerably increased; all of these hafl 
also distinctly reduced ventilatory capa- 
city. Bronchospirometry had been performed 
in LO cases. Only in four of these was 
the lung which was to be operated upon 
bronchospirometrically decidedly — the 


better one. In the remaining five the 
Di 


operation was to be performed on the, 


definitely inferior lung, and broncho- 
spirometry ehad therefore not been 
considered necessary. 

In three cases the preoperative kCG 


examination showed right preponderance 


e 
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without other pathological chan ves, 


One patient had negative |, without 
other pathological signs; in the others 
the ECG findings were normal. 

Heart catheterization was carried out jp 
two cases. In one,of these there wasea 
pathological rise in pressure in connection 


with work and occlusion of the pulmonary 


2) 
wartery to the lung that was to be operated 


S 2 
° 
upon. In the other case pressures were 


normal both during work and during 
occlusion; on the other hand there was 
a slight lowering of Po, in connection 
with the occlusion at rest and during 
work. fe) ® 

As we always carry out preoperative 
heart catheterization if pulmonary hy- 
pertension is suspected, both the fact 
that the examination was performed on 
only two patients and the short account 
of other function studies g8 to show 
that ventilatory insufficiency had®arisen 
in persons who had primarily not been 
considered particularly *“‘bad risks’. The 
physiological examinations scarcely al- 
ford the possibility of sorting out the 
patients who run the risk of developinf 
ventilatory insufficiency. ‘The complica- 
tion thus appears very capriciously. Just 
as we have met with ventilatory in- 
safficiency where we had not expected 
difficulties,, so, too, in many cases with 
poorebreathing capacity and even signs 
of strain on the right heart we have had 
an uneventful postoperative course. 

© 12) 

The following types of operation were 

involving 


° e° 
represented: thoracoplasty 


three or five ribs had been performed on 


° & . . » 
e three patients; segmental resection in ont 
6 


lobe and segmental resections in several 


lobes had each been carried out “in one 


case; lobectomy in six cases and fobec- 
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and (o increase the ventilation, and they 
have become mentally confused and apa- 
thetic. On the other hand, not even 
careful control of pulse and blood pres- 
sure has afforded any diagnostic help 
worth mentioning. Such a case is illu- 
strated in Fig. 3. 

The alkali reserve has been followed 


in a number of cases without appreciable , 


changes being observed, which is in 
agreement, moreover, with experience 
from polio care, a 

We had not yet, when the ventilatory 
insufficiencies occurred, the possibility of 
carrying Sut analyses of oxygen and 
carbon-dioxide tension in the _ blood. 
Such analyses are of great importance 
both for the diagnosis and for following 
the effect of treatment, but they can 
scarcely be used as daily routine in all 
operated cases. Such laboratory tests can 
never take the place of careful bed-side 
supervision that can be carried out by 
trained staff accustomed to observe, 
judge and report changes in the patients’ 
general condition and way of reacfing. 
eahat the general clinical observations 
are of great importance emerges also 
from the fact that even by utilizing ad- 
vanced functional investigations it has 
not been possible to foresee which patients 
have run a special risk of developing 
ventilatory insufficiency. It may be worth 
while pointing out that resection and 
thorgcoplasty have been performed at 
the same stage in all the resectecé patients 
suffering from ventilatory insufficiency. 
it can scarcely be proven that the com- 
bination of resection with simultaneous 
thoracoplasty has contributed to the 
eccurrenceofthe ventilatory insufficiency, 


even if this combination undeniably 


2 
implies an added strain for the pa- 
tient. 

Different causes have doubtless con- 
tributed to the occurrence of our ventila- 
tory insufficiencies. Great importance 
must in almost all the cases be ascribed 
to stagnation of secretion due to the 
difficulty of coughing up matter, either 
on account of unsatisfactory technique 
or lack of the will to cooperate or because 
Of paresis of the diaphragm of a more or 
less transient nature. The preoperative 
and postoperative physiotherapy is here 
of great importance, and in the course 


of the years we have come to attach con- 


@siderable importance ‘to this part of the 


treatment. A purely muscular exhaustion 
may also often have been a contributory 
factor. The significance of this factor 
becomes obvious when one considers 
that the energy required for quiet 
breathing at rest is gstimated,to be about 
0.5 kgM/min., but rises to several 
hundred kg,M/min. for maximal respira- 
tion (Comroe et al., 1955). Since one 
knows that these patients have as a rule 
a low physical working capacity, it 1s 
understandable that the respiration may 


fail through sheer exhaustion. 


CARDIO-VASCULAR COMBLICA- 
° 


TIONS ian 
O 


Cardiac and vascular complications 
© . 
have occurred surprisingly rarely. We 


have observed only one pulmonary 


embolism: this proved fatal. Ide cafdiac® 


complications have otherwise begn con- 
stituted by disturbances of rhythm and con- 
duction and by pericarditis. 

Weehave in some cases recorded 


transient fibrillation. In one patient 


; 
i 


° 
® 
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Of the 11 respirator-treated patients 
one died. Death occurred 18 days after 
a five-rib thoracoplasty and 17 days after 
commencement of respirator treatment. 
Autopsy revealed extensive fresh spread 
of the tuberculosis in both lungs. The 
remaining 10 recovered rapidly and are 
now clinically healed and fit for work. 
In one person a tracheal stenosis appeared 
which necessitated operation. The results 
are thus on the whole very good and 
confirm the view advanced by Bjork &, 
Engstrém in 1957 concerning the favour- 
able effect of the respirator treatment 
after pulmonary opérations. 

Of the three patients who were not 
connected to the respirator, two managed 
well with a clearing of the respiratory 
passages by suction through the tracheo- 
stomal aperture and, the relief for the 
ventilation thereby implied. ‘The third 
patient died suddenly of a big hemorrhage 
within the operative region. 

In recent years, not least in connection 
with polio care, the clinical picture in 
cases of respiratory acidosis has become 
well known (compare e.g. Strém and co- 
workers, 1956). ‘There is every reason to 
suspect that the symptoms occurring in 
the cases of 


ventilatory insufficiency 


described by us were caused partly by 
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such respiratory acidosis with accum yla- 


®tion of carbon dioxide in the blood. 


Deficient oxygenation may also |iave 
played a role, and an over-exertion of 
especially the right ventricle of the hear 
in consequenee of increased resistance in 
pulmonary circfilation may also 
have contributed. 

Classical signs of respiratory acidosis 
are said to be increase of blood pressure, 
tachycardia,mentaj confusion and, finally. 
coma. ° 

It is of interest to ascertain whether 
these symptoms have also been present 
in our cases, where the ventilatory in- 
sufficiency was not, as in polio, caused 
by muscle paresis and damage of the 
respiratory centre, but by reduction of 
functioning parenchyma, uneven ven- 
tilation of the lungs etc. 

A closer study of the material shows 
that only a few cases manifested symp- 
toms coinciding with the characteristic 
picture of the disease. Such a case is 
illustrated in Fig. 2. 

In the majority of our patients, how- 
ever, the treatment was started on the 
basis of the general clinical observations. 
The patients have seemed tired out and 
unable to cooperate in the physiotherapy 


intended to promote the coughing up 
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COMPLICATIONS AFTER SURGICAL TREATMENT OF PULMONARY TURI RCULS YSIS a. 


classical picture of paralysis of M. serra- 
tus anterior caused by an adverse effect 
upon N. thoracalis longus. With both 
cases a good result was obtained with 
special gymnastic treatment. 

In one case the neurological complica- 
tion was of a more unique character. 
Resection of a segment in each of the 
superior and inferior lobes in the left 
lung, with “roof thoracoplasty”’, was 
performed on a 32-year-old man. Imme- 
diately after the operation there were 
signs of paresis of N. recurrens with 
hoarseness. ‘There was also difficulty in 
manoeuvring the tongue, which devia- 
*ted to the left. After a couple of weeks 


there was distinct left-sided atrophy of 


the musculature of the tongue? There 
was also a reduction of sensibility behind 
the right ear, corresponding to the distri- 
bution area for the first cervical nerve. 
The 


the opinion that the symptoms must be 


consulting neurologist 


relerred to a central lesion. It has not 


been possible to elucidate the cause. It 


was possibly a matter of an “embolism. 


We have now discussed some compli- 
medical nature 


fauions of an internal 


which occurred early or relatively early 


’ j 4 ; j 


was otf 


in the postoperative course. Complica- 
tions that may occur later are bronchec- 
tasias arising in consequence of retention 
of secretion, and atelectases persisting for 
a longer period. Sequelae of this kind are 
not generally manifest until after the 
lapse of several months. Postoperatively 
occurring pulmonary hypertension with 
development of cor pulmonale chroni- 
cum is also a long-range problem, and 


falls outside the scope of this account. 


One runs the risk of getting a pessi- 
mistic view of the value Of a method of 
treatment when occupying oneself with 
the complications. As regargls surgery 
in pulmonary tuberculosis the pessimism 
is in a high degree uncalled for. As a 
matter of fact, complications are sur- 
prisingly few when seen in relation to 
the magnitude of the operations and the 
gain entailed. Lung surgery has indeeda 
great share in the success that the treat- 
ment of tuberculosis has had during the 


last few decades. 


SUMMARY 


The material consists ol about fyi ht) patients at 


Soderby ®{ ospitalg who were operated orl with 


thoracoplasty or resection during the period 
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who before the operation had manifested 
intraventricular conduction disturbance 
there occurred in connection with the 
operation a right-sided bundle branch 
block. In a man of 50 years with earlier 
slight signs of cardiosclerosis there occur- 
red postoperatively freguent ectopic 
beats from different foci; the rhythm 


became regular after digitalis and quini- 


~~ o 
a a 


dine medication. 

Many of the operated patients were 
over 50 years of age. °As the indications 
for the operations are further extended 
and come to cover an increasing number 
of persons in the higher age-groups the 
risk of cardiac complications here descri- 
bed will be increased. The importance, 
in doubtful cases and with older people, 
of carrying out a detailed preliminary 
examination of the circulatory organs, 
including, inter alia, the ECG during 
work, is obvious. 

Quite another type of cardiological 
complication is pericarditis. During the 
period covered by the investigation we 
have obServed two such cases, both after 
left-sided pleural-pneumonectomy. The 
postoperative course was at first rela- 
tively normal, and the fever subsided in 
the usual way. After a period of 6-8 weeks 
the temperature began to rise again and 
there were also precordial pains and 
palpitations. In the one patient a marked 
increase of the heart volume was roent- 
genologically observed. In the other case 
no enlargement of the heart, could be 
established, but here there were typical 
pericardial friction sounds. Both had also 
electrocardiographic changes of the type 
occurring in pericarditis. 

The course of the healing was favour- 


able. The temperature was normalized in 


2-4 weeks. The pathological ele «tro. 
cardiographic findings disappeared. The 
patients have been observed for more 
than 2 years without any signs of circy. 
latory disturbance, e.g. in the form of 
constrictive pericarditis, appearing. 

It has in these cases not been possible 
to decide whether the pericarditis has 
been due to non-specific inflammation 
or exacerbation of the specific process, 
Probably it has been a matter of an. 


activation of the tuberculosis. 


NEL ROLOGICAL COMPLICATIONS 


In four cases, some weeks after the 
operation, there appeared symptoms 
indicating lesion of the cervical plexus 
on the non-operated side. The patients 
manifested, on that side atrophy of M. 
trapezius and M. supraspinatus, weak- 
ness in the shoulder joints and difficulty 
in lifting the arm above® the horizontal 
plane. The lesion was only observed 
when the active gymnastic exercises had 
been commenced. [he atrophy was in 
one cas®@ very strongly pronounced, but 
within a year there was almost complete 
restitution. In the other three cases the, 
atrophy was moderate or slight, and the 
symptoms of rather short duration, It 
seems likely that this type of paralysis 
arose as a consequence of the nerve 
plexus being exposed, owing to the pa-_ 
tient’s position, to pressure during the 
operation. 

Two patients, men of 46 and 53 years 
of age, both of whom had been operate¢ 
upon with resection and decortication 
with thoracoplasties, manifested after 2-. 
months a typical wing scapula on the 
operated side (Fig. 4), in all respects 4 
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Extensive experimental work has shown 
that in many respects teflon appears to 


he the most suitable prosthetic material! 


in both vascular surgery and surgery of 


the respiratory passages. It 1s easy to 
shape and sterilize and it has good ten- 
sile strength which is very little aflected 
by the body fluids; it has, moreover, 
and above all, in a higher degree thah 
any other inorganic material hitherto 
tried, the quality of ‘‘tissue friendliness” 
Harrison, Swanson & Lincoln, 1957; Le 
Veen & Barberio, 1949; Ekestr6m, 1958). 
It was therefore considered only natural 
to tryesome form of teflon prosthesis in 
major tracheal defects also in man. In 
connection with experimental investiga- 
tions in 1958 Ekestr6m gave a prelimi- 
hary account of reconstructions after 
extensive tubular resections of the intra- 


thoracic trachea in 3 patients. lwo 
were unsuccessful. but one of them was 


at that time still alive and ina relatively 


200d condition 5 months after the opera- 


tion. As a further 15 months have now 
elapsed since the operation, we shall 
present a more detailed report of the 
case. First of all, however, we should 
like ¢ 


suction of a large window defect in 


ceive a brief account of the recon- 


the upper part of the trachea in another 
Patient, 


Case ]. 
On 19.2.57 


S. S. 25-year-old married woman 

right-sided pneumonectomy with 
simultaneous wall-plastics for tuberculosis. The 
day after the operation pronounced respiratory 
insufficiency. Tracheotomy was accordingly per- 
formed and the patient was treated with respira- 
tor for a rather long period. On several occasions 
there were difficulties with the cannula and 
troublesome exchanges of cannula. After removal 
of the cannula there developed after a couple of 
months a 3 cm long, complete stricture of the 
trachea 3 cm below the larynx. ‘Tuberculous 
etiology could not be entirely eliminated. Dila- 
tation treatment was tried without effect. On 
31.7.5/7 the strictured region was resected and 
replaced with a steel-wire-supported skin graft ad 
modum Gebauer 3 cm in length. For the first 
month satisfactory respiration, but then the wire 
began to appear in the lumen and copious ora- 
nulation necessitated bronchoscopy every two 
weeks. On 5.5.58 fresh operation. After an inci- 
sion in the median line the wire was removed. 
For a good 3 cm the tracheal wall was found to 
be completely soft within almost the whole cir- 
cumference. To prevent collapse, a 5 cm long 
and | mm thick teflon tube with an inner dia- 
meter of 10 mm was inserted as shown in the 
figure. The rim was slightly bent outward at the 
ends to prevent any gliding. It was not possibl 
to close the trachea completely about the middle 
of the prothesis. The defect was covered with 
soft parts and the skin primarily closedg The 
postoperative period was quite free of complica- 
tions, with only slight coughing irritation for the 
first few davs. No coughing after this. No signs 
of stridor. Now, [2 months after the operation, 


normally active as housewife. (Fig. |. 
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February 1954 to August 1958. The complica- 
tions noted in the first place are ventilatory 
insufficiency and cardiological and neurological 
disturbances. Sequelae arising late in the post- 
operative period are not discussed. 

Ventilatory insufficiency of such a serious nature 
that it was necessary to resort to tracheotomy 
and respirator treatment occurred in Atogether 
15 cases and appeared after both thoracoplasty, 
and resection. The complication occurred capri- 
ciously, being observed also in persons who 
against the background of good functional tests 
had not primarily been considered “bad risks”’. 
The cause of ventilatory insufficiency was chiefly 
retention of secretion and difficulty in clearing 
the bronchial tree, but also exhaustion. Charac- 
teristic signs of respiratory acidosis are stated to 
be rise in blood pressure, tachycardia, mental 
confusion and finally coma. Even if these symp- 
toms existed in a few cases, the rise in blood 
pressure and pulse was not observed in the majo- 
rity. Decisive importance must be ascribed to 
the general clinical observations and the careful 
supervision at the bedside by experienc staff 
trained to observe, judge and report changes in 
the patients’ general condition and way of reac- 
ting. In the majority*tracheotomy and respirator 
treatment had to be established on the second or 
third day after the operation. Only one patient 
died; autopsy revealed extensive fresh spread of 
the tuberculosis in both lungs. 

( ardige agi vascular complications were, besides 
pulmonary embolism in one case with fatal issue, 
disturbances of rhythm and conduction and peri- 
carditis. The disturbances of rhythm and conduc- 
tion—fibrillation and frequent ectopic beats 
were found chiefly in older patients in whom une- 
quivocal signs of cardiosclerosis had sometim®s 
been shown before the operation. It was possible 
to cope successfully with these cardiac complica- 


tions, and there were no deaths. As the indica- 


tions for operation are extended to inclu mo 
persons in the higher age-groups the risk . } 
complications of this kind is increased. Pericay. 
ditis was shown ogly after left-sided pley,, 
pneumonectomy. Both roentgenologically demo. 
strable enlargement of the heart, peri ardia 
friction sounds, and typical electrocardiograph; 
changes occurred when the pericarditis had deve. 
loped 6 to 8 weeks after operation. The course 
healing was favourable. 

Neurological complications were garalysis of 
serratus anterior with typical wing scapula o; 
the operated side, caused by an adverse effec 
upon nervus throacalis longus, as well as lesioy 
of plexus cervicalis on the non-operated side wit! 
atrophy of M. trapezius and M. supraspinatu: 
weakness in the shoulder joints and difficulty } 
lifting the arm above the horizontal plane. This 
type of paralysis was probably caused by thy 
nerve plexus being exposed to pressure owing t 
the patient’s position during the operation, Ip 
all cases good therapeutic results were obtained 


with special gymnastics. 
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IEFLON PROSTHESIS IN 


rine 
inosely attached polypoid formations constituting 


. loose, edematous, cell-rich granulation tissue 


which was relatively abundantly infiltrated with « 


plasma cells, lymphocytes and, to a lesser extent, 
leucocytes. In the anastomotic area this granula- 
Hon tissue was partly covered with laminated 
squamous epithelium with moderate degenerative 
changes. As soon as the granulation tissue was 
removed, the respiratory trouble was relieved. 
It was subsequently necessary to carry out gich 
bronchoscopic clearings at intervals of 2—3 weeks. 
Gradually the loose bundles of granulation tissue 
disappeared and were replaced in the upper ana- 
stomosis by a thin membarne of a relatively firm, 
connective tissue type, and the lower anastomosis 
was in the sequel wider and without granulations. 
The connective tissue membrane in the upper 
anastomosis necessitated dilatation about every 
third week. In order to prevent the development 
of a stricturing connective tissue membrane in 
this anastomosis, a teflon tube shaped like a 
cotton-reel, 2.5 cm in length and with a diameter 
of 12.5 mm was inserted on 17.9.57. The tube was 
so placed that half of it came to lie inside the 
upper part of the healed-in plastic prothesis, and 
it thus came to cover the anastomotic area. The 
insertion was made through renewed tracheo- 
tomy. After a short time the tracheostoma closed 
and the patient was discharged without subjective 
inconvenience. She has since been, and 8 months 
alter the insertion of the teflon tube still is, per- 
lectly comfortable and in a good general condi- 


tion. 


DISCUSSION 


In the first case a teflon tube placed 
in the cervical trachea was able for 12 
months to prevent a collapse in an area 
about 3 cm in length, where a resection 
of a completely strictured part had been 
perlormed. The tube obviously did not 


cause any trouble. The patient did not 


maniiest any signs of the formation of 


vranulation tissue at the upper and lower 
ends of the tube. probably owing to the 
) \ 


lact ‘hat the tube was Meld in place by 


TRACHEAL DEFECTS IN MAN 


tube. The granulation tissue consisted of 


— | 
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tight-fitting connective tissue round the 
middle part of the teflon tube, whereas. 
on the other hand, the upper and lower 
ends of the tube projected into normal 
trachea, which was wider than the 
outer diameter of the tube. so that the 
latter did not there give rise to any 
trauma in the tracheal wall worth men- 
tioning. The second case refers to a 54- 


year-old woman who is still alive | 


o - 
wl ore 


years after a tubular resection of a 
cm long portion of the intrathoracic 
trachea. There is as far as we are aware 
only one other case described in the 
literature in which a patient hag survived 
a tubular resection with reconstruction 
of the intrathoracic trachea. This was a 
patient described by Carlens & Wiklund 
(1956) with a stenosing cylindromatous 
tumour in the lower half of the trachea, 
where in 1952 Crafoord performed a 
tubular resection of the intrathoracic 
trachea and a reconstruction with a 
tantalum net covered with fascia lata. 
As is frequently the case when a net of 
tantalum or stainless steel is used, there 
was also here a rich ingrowth of granula- 
tion tissue through the net, narrowing 
the lumen in the whole of the recon- 
structed area. It was therefore necessary 
to remove the tantalum net by another 
thoracotomy. This patient is still alive / 
years after the tubular resection. She 
has a prolonged tracheal cannula which 
reaches from the fossa jugularis down to 
the carina. The cannula is exchanged and 
cleaned .at intervals of some months. 
The patient is back to normal work. 
Both experimental and clinical @- 
vestigations have shown that a connective 
tissue membrane is deweloped éspecially 


at the site of the upper anastomosis 
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Fic. |. The teflon tube inserted in the cervical 
trachea. Within this region the patient has a 
stricture alter tracheotomy. The inner tube has 
now been lying ig position for 12 months with- 
out occasioning any discomfort. 
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Case 2.—-S. E. 34-year-old woman. In 1956 a 


cylindromatous tracheal tumour was discovered, 
which had*then been giving trouble in the form 
of a tickling cough and infection of the upper 
respiratory passages for about | year. The tumour 
was located @%n the trachea approximately 3 cm 
above the carina. It was repeatedly coagulated 
through a bronchoscope from January 1956. 
Recidivation after every coagulation. On 1.8.57 
a teflon prothesis was inserted in the abdominal 


wall, and on 9.9.57 a tubular 


tracheal resec- 
© 


tion by reconstruc- 


was performed, followed 


tion with a plasticgeinforced connective tissue 


tube that had been formed in the abdominal wall 


according to an worked 


experimentally out 


AND E. 
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Fic. 2. From case 2: The reconstruction with 
teflon-reinforced connective tissue tube may be 
seen between the two arrows. At the upper 
arrow was developed a membranous stricture, 
and one sees the inserted inner tube which now 
covers the upper anastomosis and _ prevents 
fresh outgrowth of stricturing connective tissue. 


method (Ekestr6ém, 1958). By the time for the 
operation the tumour had grown round the whole 
trachea within an area about 5 cm in length, and 
in its lowest part it reached to approximatel®! 
cm above the carina; both nervi recurrentes coulé 
be dissected out and saved. Tracheotomy was 
performed immediately after the operation. The 
course of the postoperative period was at first on 
the whole free of complications. Bronchoscopy 4 
short time after the operation showed that th 
prothegs lay in a good position. In the sequel th 
patient had respiratory difficulties, as granulation 
tissue grew out a partial occlusion of the lumen, 
at first in both the upper and lower anastomoses 
le ol 


and on one occasion also about in the mid: 
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between the trachea and a _ sewn-in 
prothesis; this membrane gives rise to 
a progressive stricture. A short inner 


tube of teflon like that shown in Fig. 3 
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Fic. 3. (a) The teflon ring tube used to reinforce 
the rectus fascia when a tube is created in the 
abdominal wall; (4) around the solid tube ts 
wrapped the rectus fascia, after which the teflon 
ring tube (a) is pushed over to form a sheath; 
¢) inner tube now used to prevent stricturing 
in cases 1 and 2, 


can prevent the formation of a stricturing 
connective tissue membrane. The inner 
tube may be put in place in connection 
with the reconstructions performed in 
the experiments mentioned earlier or 
else, as in case 2, be inserted at a later 
stage. In the experimental reconstruc- 
tions the inner tube has in isolated cases 
slipped out of position, and has some- 
tumes probably not been necessary, and 
especially not in the lower anastomosis, 
where 


according to our® experience 


rarely stenosis develops. Thus in case 2 


oe 


there was in the lower anastomosis only 
a relatively moderate granulation in the 


form of polypoid formations. These 


granulations have shown but little® 
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tendency to reform after being removed 
via the bronchoscope. 

With its relative friendliness to tissue 
its physical properties, such as its high 
melting point (260°C), and its chemical] 
inertness, teflon has proved very suitable 
as a supporting material in® tissues, 
Teflon is also non-wettable. Le Veep 
et al., Who studied in different plastics 
the tendency to cause foreign-bod® reac- 
tion, found that besides giving rise to a 
very slight foreign-body reaction, teflon 
was also distinguished from other plastics 
by having a surface free from adsorbed 
protein. We have had similar experience 
as regards teflon and secretion from the 
respiratory passages, fog ® is only to a 
relatively slight extent that the secretion 
has stuck to the spot, and it has not driéd 
fast in the form of obturating crusts on 
the inner surfaces of the tubes. The 
teflon tube should be so shaped as to 
prevent slipping, but it also seems to be 


of importance that the width be rightly 


adapted and the ends so rounded off 


that unnecessary irritation of the tracheal 


mucous membrane is avoided. 
O 


SUMMARY 


Two cases & tracheal reconstruction are descri- 


bed. In the one a 5 cm long teflon tube has been 


| 


inserted on account of complete stricturing ol @} 


the cervical trachea. The patient is completely 
free of inconvenience after 12 months. .In the 
second case a 5 cm long tubular resection in the 
intrathoracic trachea has been replaced with 4 
graft containing a teflon skeleton according to 4 
method described earlier. On a second operation 
a short teflon tube was inserted in the upper ana 
stomosis to prevent stricturing. This patient 
almost entirely free of discomfort 14 years afte! 


the operation. 
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-ough’’. Laénnec assumes that they are 
-aused by a bronchitis which weakens 
‘the bronchial wall and produces secre- 
Hons which stagnate and dilate the 
bronchi by pressure. 

Corrigan in Dublin in 1838 suggested 
another factor which can produce bron- 
chiectasis. While Laénnec and, after 
him, other French and English authors 
only talked about the changes in the 


for 


development of bronchiectasis, Corrigan 


bronchial wall as the reason the 
maintained that changes in the lung 
parenchyma are of great importance. 
He was of the opinion that chronical 
shrinking processes in the lung tissue 
dilate the bronchi by traction, and at 
the same time pull the chest wall in- 


He called it 


monum’’. Fig. 2 shows the lung from a 


wards. “cirrhosis pul- 
boy who suffered from a badly drained 
empyema, which gradually produced a 
condition which closely resembles Cor- 
rigan’s description of the cirrhosis of the 
lung. 

Congenital cystic disease of the lung 
was first described by ‘Thomas Bartholin 
in 1651,! later by H. Meyer in Ziirich 
in 1859, by Barlow in 1879 and Grawitz 
in 1880. This origin of bronchiectasis 
and cystic disease has specially been 
stressed by German authors (Gravitz, 
Virchow, Biermer, Herxheimer), and 
also found a strong supporter in Sauer- 
1934) 
more than 80° were congenital. Eng- 
lish and 


bruch 


who maintained that 


American authors. however. 


maintained that congenital bronchiec- 
; : : _ . 
/homas Bartholin writes that Nicolaus Fon- 

anus a letter to Bartholin describes a child 

‘Nat Cied from marasmus at the age of 4 years. 


lhe — 
. psy revealed thatethe one lung was a 
sing! ’ 


o 
® 


Zz. 
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Sections of the lung from a 10-year-old 
child which suffered from a badly treated 
empyema. A cirrhosis of the lung developed, 
which corresponds exactly to the description 
by Corrigan. ~ 


tasis is rare. and there is no doubt that 


bronchiectasis in children who have 


died immediately or shortly after birth 
is very rare—much too rare to account 
for all the 


children and young people. To explain 


cases of bronchiectasis in 
these we must look at the @re- and 


postnatal development of the lung. 


PRE- AND POSTNATAL 


DEVELOPMENT OF THE LUNG 


The classical conception of the devel- 


opment of the lung, as described by 
Koelliker and His, was that the lung ol 


mammals was fully developed at birth. 
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From Rigshospitalet, Copenhagen, Denmark 


Bronchiectasis 


Etiology, Surgical Treatment, and Prevention 


Bronchiectasis seemseto have been un- 
known both to the anatomists and the 
clinicians until Laénnec gave his clas- 
sical description of the pathology, the 
clinical sign$ and the course of the 
disease in the first edition of his 7raite de 
l’auscultation médiate in 1819. Laénnec 
(1819) tells how in 1808 a_ young 
medical student by the name of Cayol, 
who later on became Professor of 
Medicine, asked him to examine a lung, 
which the student had never seen de- 
scribed in the books. These were the 
lungs of a 34-year-old boy, who for 3 
months had suflered from whooping 
cough and then had been admitted to 


the Children’s Hospital in Paris on 


January 30, 1808. At hourly intervals he 


brought up streams of foetid sputum. 
He died after a fortnight’s stay in the 
hospital. The autopsy showed tbat the 
left lower lobe was heavy, and of a 
violet colour. When a cut was made 
through the lobe l 3 ounces of foetid. 
puriflorm liquid poured out. This liquid 
was contained in a multitude of round, 
smooth cavities lying close to each other, 
often communicating or else separated 
by thin walls. They all ended in the 


bronchial tree, and evidently were a 
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continuation of this., Fig. | shows a 
section df a lobe which exactly cor- 
responds to Laénnec’s description. ) 
During the following years Laénnec 
collected a considerable number of cases, 
and in the eecond edition of his Traité 
1826. he wrote that dilatation of the 
bronchi, without being common, was 
certainly not so rare as he used to think, 


They are very commonly found in 


children, who have had _ whooping 


Fic. 1. Section of the left lower lobe of the lung 
from a 15-year-old child which had suffere¢ 
from chronic bronchitis from early childhood. 
The specimen corresponds exactly to the desct 
tion by Laénnec. 
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lowing Whooping cough, measles, in- 
fuenza etc. or even aspiration during 
delivery has in later years been con- 


for the 


dered as the main reason 
development of bronchiectasis, especially 
hy American and English authors. If a 
lobal bronchus becomes obturated by 
rough secretions, all air in the lobe will 
be quickly absorbed by the circulating 
blood in the lobe, and the lobe becomes 
atelectatic. ‘The bronchi cannot be 
emptied by coughing, and will be filled 
by stagnating secretions, which sooner or 
later become infected. We then find an 
ata@ectatic, heavy and _ violet-coloured 
lobe with saccular bronchiectasis lying 
closely together. 

The bronchial tree in such a lobe has 
few ramifications, but that does not 
mean that the disease is congenital. The 
description of the development of the 
bronchml tree by Bromann, Wilson and 
Miller explains that bronchiectasis fol- 
lowfng atelectasis in early childhood has 
a primitive, congenital appearance. 

That lobar atelectasis often follows 
pneumonias in small children and that 
bronchiectasis often develops@in those 
iobes has been clearly shown by Anspach 

1939) in Chicago. By Roentgen exami- 


nation of all small 


pneumonias in 
children he found lobar atelectasis in 
'°%, and more frequently in the lower 
lobes. It was more frequent in the two 
rst years of life, and rare after the fifth 
year of life. He followed the children 
with Roentgen examinations at intervals. 


Some of the atelectases cleared up, and 


others persisted. In those which per- 
sisted one could follow the development 
of bronchiectasis. Through these in- 
vestvations it has been clearly shown 


that pneumonias in small children fol- 
lowed by atelectasis is the most common 
cause of bronchiectasis in children and 
young people, and why these often have 
a primitive “congenital” appearance. 

[It can also be explained why children 
develop atelectasis after pneumonias 
more frequently than adults. It has al- 
ready been mentioned that the bronchial 
tree is not fully developed until about 
the eleventh year. The infant’s lune 
contains much more connective tissue, 
which is highly vascularized and con- 
tains an abundance of lymphatics. The 
alveoli are not connected by the fine 
communications, described in the adult 
by Koelliker. When therefore an infant 
gets pneumonia the connectgve tissue 
swells and closes the bronchi, and reaera- 
uon is much more difficult than in 
adults, specially in debilitated children 
with a weak cough. 

Secondary bronchiectasis can have many 
origins. 

Chronic bronchitis of sufficient duration 


and severity®produces diffuse, cylindrical 


bronchiectasis due to the weakening of 


the bronchial wall, stagnation of secre- 
tions and perhaps the negative pressure 
during the first phase of coughing which 
exerts a considerable traction on the 
bronchial wall. These secondary bron- 
chiectases are of no surgical interest. 
Lung fibrosis as described by Corrigan 
1838) is a frequent cause of bron- 
chiectasis, e.g. following lung abscess 
which has proceeded into a_ chronic 
stage. The only radical cur@éof a chroni 
lung absces® is therefore a segmental 
resection, a lobectomy or even a pneu- 
monectomy. ’ 


Tuberculosis often heals with so much 


i. 
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The bronchiel tree had formed its final 
divisions and also the alveoli existed as 
smal! buds on the last ramifications of 
the bronchial tree. In monotremata and 
marsupialia such as the kangaroo the final 
divisions of the bronchial tree and the 
alveoli were only formed after birth and 
ihe primitive thin-walled bronchi. As 
long ago as in 1859 Hecker showed that 
the same thing could happen in prema- 
ture babies. He described a baby born 
2 months too early, who lived for 6 
hours breathing and screaming. The 
autopsy showed that there were no 
alveoli and the baby thus had breathed 
through the bronchi as a kangaroo baby. 

Bromann from Sweden showed in 
1922 that the bronchial tree is not fully 
developed at birth. Then it has only 
few ramifications, but a dichotomic 
division of the bronehi continues up to 
the age of 11-13 years, and a constant 
formation of new bronchi and alveoli 
takes place. This has later on been 
confirmed by Wilson (1928), Miller 

1954) and others. 

Miller in 1934 gives the following de- 
scription of the formation of congenital 
bronchiectasis based on the investiga- 
tions of Bromann (1923), Wilson (1928) 
and himself. At birth the lung consists 
of abundant connective tissue into which 
the bronchi spread out from the hili-like 
fans—-ending in the foetal bronchial buds. 
At the first respirations these buds open 
up and form the first alveoli, which are 
rather big and rather few in number. In 
the time which follows, new branches of 
the bronchial tree are formed in the 
periphery and from these new alveoli 


are constantly formed. The first alveoli 
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TABLE |. Schematical grouping of ®rop. 
chiectasis according to origin. 


I. Congenital 
Solitary 
Honeycomb 


Multiple 


Il. Infantile, atelectatic 
Segmental Increased negative pressure. 
Lobar Stagnant secretion. Infegtion. 
lotal Cough. 


II. Secondary 
Chronic bronchitis—diffuse cylindrica! 
{ Chronic abscess. Chronic 
| empyema. Tuberculosis. 
Stricture. Foreign body. 
Bronchostenosis Benign or malignant tu- 
mor. Extrabronchial. 


Lung fibrosis 


TTT STLN RR. 


which were formed right after the birth 
develop into the bronchioli of the adults 
and the peripheral bronchioli in the 
newborn develop into the major bronchi 
containing cartilage in the walls. By 
and by the bronchial ‘tree spreads out 
and the connective, interstitial tissue 
attenuates. : 

If no bronchial buds have been formed 
in the prenatal period, no alveoli will 
be formed at the first respirations, and the 
primitive bronchi will persist and dilate. 
This may take place in part of the lugg 
or universal. The proximal part of the 
bronchi leading to the area gnay be 
pulled out to such an extent that the) 
lose the connection with the area, and 
we now have a congenital cyst, which 
may be a solitary cyst or a multilocular 
cyst or multiple cysts according to the 
extent of the malformation and the stage 
in which the development of the lung 
stops. Congenital bronchiectasis and 
congenital cysts are thus only stages in 
the same congenital malformation )) 


inhibition of growth. 


Primary atAectasis in early childhood {ol- 
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london during 3-6 years. 38%, died, 
but the treatment had been both medical 
and gurgical. Of the 45 patients under 
medical treatment, 51% had died, and 
of the 56 under surgical treatment 30 °, 
had died. 

Roles & ‘Todd divided the patients 
into 3 groups: patients with a dry cough, 
patients with a productive cough, and 
patients with fetid sputum. In the first 
croup 21% died during observation 
time, in the second group 41 % died, and 
in the third group 86 % died. 

Perry & King reexamined 400 patients 
from the Massachusetts General Hos- 
pital in Boston from 1926 to 1938. Of 
these 140 had been operated upon, 49 
could not be traced. Of the remaining 
211 patients 31 % had died. 

Findlay & Graham (1931) followed 
32 cases of bronchiectasis in children 
during 2—6 years. 37.5% had died. 

As will be seen, there is a good cor- 
respondence between the figures in all 
these statistics, showing that bronchiec- 
tasis as a rule is a progressive and very 


serious disease. 


THE PROGNOSIS UNDER TREAT- 
MENT WITH ANTIBIOTICS 


Very little can be said about this pro- 
blem, because the treatment to-day is 
well established as a surgical treatment 
under cover of treatment with anti- 
biotics. It would be very unreasonable to 
‘ry to cure pronoynced bronchiectasis 
with antibiotics alone, because it would 
seem impossible to sterilize the infection 
in the dilated bronchi wher@ retention 


ol the secretions would invariably make 


the inflammation flare up again, and 
resistance to antibiotics would finally 


develop. 


TABLE 3. Results of surgical treatment 

in relation to the age of the patient at 

the time of operation. Rigshgspitalet, 
Copenhagen. 


69 cases treated by dissection method and peni- 


cillin. 
30 years 30 years Total 
Well 14 | 6 | 20 \. 
ol % ‘Z % 9° 
Improved ll f lO | 21 f 
Unchanged or 
worse t= 13% IL1=28% 15=22% 
Hospitaldeaths | 3% 5-13 % () Qe 
Late deaths 
related to 
bronchiectasis | 5 2 | ; } 
Deaths due to 
other causes 0 t= 11% } b°, 
Total 3] 38 69 


SURGICAL TREATMENT OF 
BRONCHIECTASIS 

Primary mortality 

As long as the operation still consisted 
in mass ligation of the lung pedicle with 
the tourniquet technique, lobectomy and 
pneumonectomy was frequently com- 
plicated by empyema and_ bronchial 
fistula. After the dissection and individual! 
ligation of the structures in the pedicle 
became a routine procedure around 
1944, these complications became much 
rarer and after the introduction of anti- 
biotics they have indeed become very 
rare. Lindskog 1955) reports 42% 
bronchial fistulas and 54°, empyemas 
prior to 1944, and only 2-5 % in 1951. 
Ochsner reports a reductio& of em- 
pyemas from 55.5% to 19.1 


bronchial fistulas from 40° to 6° 


and of 
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fibrosis and shrinking of the lung tissue 
that pronounced bronchiectasis follows. 
As the process is often localized in the 
apex of the lung, and the bronchiectases 
therefore are well drained, operation is 
often unnecessary. Chronic empyema 
with interstitial fibrosis may also produce 
bronchiectasis. 

Bronchostenosis of all kinds produces 
bronchiectasis. It may be a stricture of 
a bronchus, either traumatic which is 
rare, or a healed tuberculosis of a 
bronchus, or an unspecific localized in- 
flammation of the bronchus, as described 
by Legaard. A foreign body aspirated 
into the bronchial tree is a common 
cause in children, anda&n adults Tnay be 
caused by dental extraction. Benign 
bronchial tumors and the potentially 
malignant adenoma_ produces _ bron- 
chiectasis and it also accompanies malig- 
nant tumors, but the symptoms are here 
generally overshadowed by other symp- 
toms caused by the tumor. Bron- 
chostenosis caused by extrabronchial le- 
sions 1s also well known. A common 
cause is shrinking of interbronchial 


~ 
lymphadenitis, mainly due to tubercu- 


P 


losis. This type of bronchiectasis is often 


localized and well treated by surgery. 


THE PROGNOSIS OF BRONCHIEC- 
TASIS UNDER CONSERVATIVE 
TREATMENT 


lt is important to have exact informa- 
tion about the course of a disease without 
surgical treatment to evaluate correctly 
the results of the latter. Such statistics 
cannot be obtained to-day, but some 
have been 


gathered before surgical 


treatment began and are summarized in 


TABLE 2. Mortality of bronchiectas) 
under conservative treatment. 


a 


Obs. time No. of Mortalit 
Reterence \YFS. ) Cases 0 


Findlay & Graham 


(1931), (children) 2-6 32 7.5 
Warner (1931) 8 110 23 
Roles & Todd 

/ 1933) 3-6 °106°% 38 
Monod (1936) 3—11 14] 31.2 
Bradshaw (1941) 9-15 242 34.5 


Table 2. One of the reasons why there 
are so few statistics is that bronchography 
was not introduced until 1922 by 
Forestier and Sicard, and before this 
investigation came into routine use 
neither an,exact diagnosis nor the geo- 
graphical extent of the disease could be 
determined. 

Warner (1931) followed 110 cases up 
to & years; 23% had died during the 
observation time. 

Bradshaw, Putney & Clerf (1941) fol- 
lowed 242 patients from Jefferson Me- 
dical College Hospital in Philadelphia 
seen during the years 1925 to 1935, and 
reexamined in 1940. Of these 242 pa- 
tients 34.5°%, had died. Of the 59 pa- 
tients who died, the cause of death in 
6 cases was pneumonia, in 5 cases lung 
abscess or gangrena, in 5 cases brain 
abscess, in 5 cases myocarditis, in 3 cases 
hemoptysis, in 2 cases empyema, in 2 
cases sepsis, in 2 cases suffocation in pus, 
in 5 cases spread of the disease in the 
lungs, and in 6 cases tuberculosis. 

Monod & Bonniot followed 141 cases 
under conservative treatment with an 
observation time of 3—11 years and found 
that 31.2 °, had died. 

Roles & Todd (1933) followed 106 


patients from the Brompton Hospital 1? 
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oid. |02 patients (46°) had residual 
bronchiectasis. Fifty-seven of these were 
eontralateral, and the®rrté result in this 
8] ° 


ipsilateral, and the late result in this 


group showed good, 28 were 
group showed 68 % good. ‘Twenty-four 
patients had new formation of bron- 
chiectasis. and the late result in this 
group showed 44 a» * good. 

Lindskog and others from Yale Uni- 
versity in 19595 published a report of a 
follow-up examination of 133 @ cases 
operated upon from 1937-1952. The 
results were good in 67 ©, unchanged or 
worse in 27%. and there were 6% of 
deaths (4 primary and 4 late deaths). Of 
the surviving 129 cases, 32 had some 
remaining disease ( = 25 %). In the group 
without remaining bronchiectasis there 
were 44°, well, and 1 °% deaths. In the 
sroup with some remaining disease there 
were only 9.4 % well and 9.4 % latede&ths. 

Our own series consists of 65 cases 
with an observation time from 2-6 years, 
operated upon from 1947 to 1953. The 
results were good in 63 ®, unchanged or 
worse in 23% and there were 14% 
deaths (6 prifary and 3 late deaths). 

Of the surviving 60 patients one has 
not been reexamined. Of the remaining 
99 patientg 27 had residual bronchiec- 
tasis 46°). By analyzing the roent- 
genograms it looks as if 13 cases were 
new formed bronchiectasis. Of the 32 
patients who had no residual bron- 
chiectasis 18 were well, 9 improved, 5 
unchanged or worse and there were no 
late deaths. Of the 27 patients with 
residual bronchiectasis only 2 were well, 
‘improved, 10 unchanged or worse, and 


there were 3 late deaths caused by the 


ae 
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—— 


The high per@entage of remaining 
bronchiectasis in all series doeS not mean 
that they have been overlooked at the 
preoperatives bronchography. In many 
cases it has simply not been possible to 
remove all diseased lung tissue, but the 
worst part has been removed in_ the 
hope of improving the patient’s condi- 
tion. 

Comparing the results of conservative 
and surgical treatment of bronchiectasis. 
one must admit that the conservatively 
treated group is an unselected one con- 
taining all cases of bronchiectasis seen in 
the departments, and that the surgical 
groups are selected groups containing 
those cases which have been found fit for 
an operation. Milder cases have been 
discarded, because the disease has not 
been found serious enough to warrant 
the risk of an operation. Other cases 
have been found too advanced, either 
being in too bad a condition to tolerate 
an operation or too wide-spread to 
remove all diseased lung. In our own 
series the cases have largely been selected 
by medical colleagues. From the report 
from Lindskog and others it will be seen 
that only a few patients have been 
excluded because of too high an opera- 
tive risk. Their future has been very 
gloomy. Some patients have been ex- 
cluded, because they have been con- 
sidered not to have sufficient extension 
of the disease or too mild symptoms. 
They have however done worse than the 
operated patients. 

Generally speaking, about 70%, of the 
operated patients have had a good 
result of the operation, being eithe: 
cured or very much improved. The 


primary mortality varies between V.9 to 


O2 
Tape 4. Late results of surgical 
treatment 
Mayo Yale 
Clinic University Copenhagen 
; 221 cases 133 cases 695 cases 
Well 19 % 6/ 63% 
Unchanged or 21 % Zi % 23° 
worse 
Primary deaths 61, , are . 6) 140 
Late deaths 3), tf 3) 


The primary mortality varies in 
statistics from recent years from 0.4 to 
12°. This variation ts to a large extent 
due to the differences in the material. 
The age at the time of operation is an 
portant factor, and So is the geo- 
graphical distribution of the disease in 
° 


the lungs. 


Our own series 

In Rigshospitalet Copenhagen, from 
1945-1953 we have operated upon 8&6 
patients with bronchiectasis, on whom 
LOO resections have been performed, 
namely 16 pneumonectomies, 78 lobec- 


; . & ‘ 
tomies, and 6 segmental resections. 


There “were 8 bilateral lobectomies. 
They weregall cases of primary bron- 
chiectasis; cysts, tuberculosis, and tumors 
have been excluded. ) 

The material has been divided into 
two groups, before and after the intro- 
duction of penicillin. 

In the first years 7 patients were 


operated upon with the tourniquet 


technique. Five of them developed 
postoperative empyema. In the period 
1943-1947 there were 31 resections with 
|l postoperative empyemas, i.e. 35%. 


and 4 of those died from the empyema. 


In the period 1948-1953 there were 7 
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postoperative empyemas in 7/0 pera. 
tions, i.e. 10°, and none of those died 
[In the last 3 years there has been only one 
death, caused by a lung embolism 

To-day we are only interested in the 
results of the operations which |ye 
been performed by the dissection techni. 
que of the lung pedicle, and unde 
cover of treatment with antibiotics. 

From 1947—1953 we have treated 69 
cases with the dissection technique and 
penicillin given pre- and postoperatively. 
The primary mortality was 6 deaths out 
of 69 patients, 1.e. 9%. When we divide 
the patients into two groups, under 30 
and over 30 years of age, we find that 
in the first group there is one death out 
of 31 cases, 1.e. 3°, and in the second 
group five deaths out of 38 patients, Le. 
13 %. 

C@mparing our material with a®ma- 
terial from the Mayo Clinic, we find 
that in our material 55 % of the patients 
were more than 30 years old, and in the 


* 
material from the Mayo Clinic only 12%. 


Late results 

Follow-up examinations from _ recent 
years show that the most important 
factor determining the late results 1s 
remaining bronchiectasis or new de- 
velopment of bronchiectasis. To establish 
this very important fact one must have 
exact information about the pre- and 
postoperative bronchograms. 

The Mayo Clinic has published 4 
report in 1955 of 22] cases operated 
upon from 1942-1953. The results were 
good in 75%, unchanged or worse 1 
21%. and there were 4% deaths (® 


primary and 3 late deaths). Only 19 o% 


of the patients were more than 3() vears 
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The Effect of Heparin upon Thermal Injuries to the Lungs 
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A survey of the literature in recent years 


vives very little information about the 


* problem of thermal injuries to the lungs 


and shows that no successful therapeutic 
measures, other than purely symptomatic 
ones, have geen evolved. This is probably 
due to*the fact that lung burns “are not 
very common. However, when this type 
of injury does occur, especially in associa- 
tion with surface burns, the prognosis 1s 
often very bad. Therefore, a new effort 
towards a solution of the problem of 
ireating these cases seemed indicated. 
From previous reports on thi8 subject, 
certain pathological findings deserved to 
be stressed. In dogs, Moritz, Henriques & 
McLean (1945) noted the escape of 
acidophilic. serous fluid? in the lumen of 
the aflected alveoli and alveolar ducts, 
together with the presence of fibrin in 
the more serious injuries of this type. 
Fineberg, Miller & Allbritten (1954) 
lound that the frothy pink fluid filling 
trachea and bronchi of burned dogs, had 
approximately the specific gravity of 
Plasma. In human beings, the Report 
on t Management of the Cocoanut 
Grove Burns (1943) showed the presence 
of bronchi. completely occlude® by plugs 
of fi srin. desquamated nerotic epi- 


ifoord 
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thelium and leukocytes; also described 
were alveoles filled with serous exudate, 
vesseg occluded by thrombi (in part at 
least antemortem), and atelectasis, in- 
volving sometimes a very important 


portion of the lungs. 


@ Preliminary experiments with the 


burning technique described in_ this 
paper confirm these data. However, the 
presence of fibrin clots, sometimes of 
very important size, was frequently 
noted. These plugs unquestionably con- 
stitute an aggravating factor because 
théy hinder elimination of fluid and 
débris accumulated behind them, or 
prevent inspired air from reaching often 
intact peripheral portions of@ung paren- 
chyma. It was therefore thought interest- 
ing to administer an anticoagulant. 
This paper constitutes a report on 
the possible use of heparin in combating 
the effects of ga steam-oxygen mixture 


upon air pagpages and lung tssue. 


MATERIAL 
Twenty-four adult mongrel dogs, 
numbered | to 24, weighing |2 to 2/ © 


kilograms, were used. These were sub- 


divided into three groups of 8 dogs each. 


G4 | E. 


10%, but in the better group of patients 
below the age of 30 years is not higher 
than 3%. | 

Surgical treatment should be the 
choice, whenever it is possible, and the 
operation should not ‘be delayed, if the 
symptoms afid the extent of the disease 
is not negligible. One should be, very 
active in the youngep age group. The 
operation should be as radical as pos- 
sible; the place for segmental resection 


is a very limited one. 
PREVENTION 
Most of 


lobar bronchiectases are caused by lung 


the so-called primary or 
infections in the early childhood, and 
most of them occur in small and de- 
bilitated children suffering from mal- 
nutrition and vitamin deficiency. These 
children develop atelectasis and bron- 
chiectasis more often than healthy 
children. Preventive treatment of bron- 
chiectasis therefore means higher living 
standard, better nutrition and gd 
medical care of children with lung in- 
fections, including treatment with anti- 
biotics, 

In Denmark this type of bronchiectasis 
is becoming more and more rare, and 
the cases which we still see are diagnosed 
earlier, and sent to the thoracic surgeons 
at an earlier stage of the disease. The 
cases which we used to see twenty years 
ago bringing up ounces of foetid sputum, 
and which are included in the series. 
and form the basis of the present ana- 
lysis, have now alfnost disappeared. 

This also confirms that bronchiectasis 
is mainly 4h acqufed disease. If 80% 
were congenital the disease would pot 


have become as rare as it is to-dav. 
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Fic. 2. Relation between body surface and amount 
of calories administered. The dotted line indi- 
cates the desired relationship. 


when the dog had received approxi- 
mately the predetermined amount of 
— ° ; 
calories. The exact amount of calories 
eiven was then calculated trom calibra- 
calorimetric measurements 


tion data. 


and the burning time. The latter lasted 
The 


predetermined 


from 4 to 8 minutes. relation 


between given and 
amount of calories is given in Fig® 2. 

ollow-up-procedures.—Immec iately af- 
ter burning, the dogs were put in a 
moderate ‘Tr@ndelenburg position in 
order to facilitate collection of secretions 
irom the tracheal tube. Electrophoresis 
was carried out on some samples of this 
uid. The cuff of the McGill tube was 
deflated, but the tube itself left in place 


until the animal awakened and coughed 


it up Large doses of penicillin (900,000 


IU Jd 


and stretomycin (| gram/day 


INJURIES T® THI 


; 


LUNGS bas 


were given, and this treatment continued 


up to 10 days. The dogs were allowed to 


die spontaneously or sacrificed after a 


period of 2 | days to one month. Autopsies 
were carried out on most of the animals. 
and the macroscopic pathological find- 


ings noted. ® 


~ 
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RESULTS 
Blood serun? and tracheal secretions 


In all dogs, rales could be heard over 
both pulmonary helds, less than ten 
minutes after the burn was carried out. 
In group I, frothy pink fluid, of high 
viscosity containing fibrinous strands 
started to flow from the tracheal tube 
after 30 to 45 minutes. In most of the 
samples a gelatinous clot formed shortly 
after collection. 

In group I], this fluid started to flow 
usually after 15 to 20 minuteg, ang was 
less viscous in character. No fibrinous 
strands were observed. Gelatinous clots 
formed in the tubes only after addition 
of protamine sulfate to the samples. 
Average values for total protein content 


were found to be 5.9 g % in blood serum, 


and 5.2 ¢%, in the secretions. Results of 


electrophoresis carried out on blood 


serum. and tracheal fluid taken 


hour after burn from two dogs in group 


I, and two dogs in group II, are given 


in lable |. 


Survival time 


In group I, all dogs died spontaneously 


within 20 to 69 hours. In group I], five 


dogs died spontaneously within 5 to 54 


days. Three dogs were gacrificed afte 2] 


and 30 days. In group III, five dogs died 


one 


: ® 
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In group I, the dogs were burned without 


anv treatment and constitute the control 


series. In group II, 4 milligrams of 


heparin per kilogram body weight were 
administered intravenously 10 to lo 
minutes before burning. In group III, 
the same dose of heparin was given one 


hour alter the burn was sustained. In 


eroups II and III, a second dose of 


heparin was administered four hours 


alter the first. 


METHODS 


ANESTHESIA.—-Nembutal or sodium 
pentotal, up to 20 mg/kg body weight, 
was injected intravenously. The smallest 
possible amount of anesthetic was used 
in order to induce a sufficiently deep 
anesthesia, but of short duration. 
Tracheal intubation was thenearried out 
using a McGill tube (no. 9 or 10) with 
inflatable cuff. During these experi- 
ments, the animals were always allowed 
to breath spontaneously. - 

Body surface.—Vhis value was calcu- 
lated according to the formula given by 
Cowell and Drabkin (1927): 


S=KxwWt!: 


S in square meters; Wt in kilograms: 
A =0.112. 

Analysis of blood serum and tracheal secre- 
tions. he total protein concentration 
was determined ad modum Kjeldahl. 
Paper electrophoresis of the proteins in 
blood serum and the collected secretions 
was carried out in veronal acetate 
bufler (pH 8.4, ionic strength 0.1) for 
(6 hours with 1.5 mA per strip. 


Adminstration of moist heat.—The dogs 


were allowed to breath a steam—oxygen 


Fic. |. Diagram of apparatus used in producin 
pulmonary burns. (A) Steam generator: (B 
mixing and temperature-stabilizing chamber 
C) calorimeter; (D) outlet tap and connecting 
piece to endotracheal tube; (E) valve directing 
expired gases and excess steam mixture to th 
calorimeter. 


e 

mixture containing 75—80°% steam. In | 
order to be able to compare results in, | 
the three groups, it was necessary that 

all the animals received an equivalent 

amount of heat. In these experiments, | 
each dog was given a number of calories 
proportional to the body surface. The 
number of calories administered peraunit 
of body area was chosen arbitr&rily, but 
only after preliminary experimtnts had 
shown that this amount of heat always 
caused untreated dogs to die within 3 : 
days. The breathing mixture was gene- 
rated by an apparatus consisting es 
sentially of a steam generater, a mixing 
and temperature stabilizing chamber, 
and a calorimeter (see Fig. 1). The ap- 
paratus was calibrated, i.@ its total 
caloric output determined, before each 
burn. The amount of heat absorbed by 
the dog’s respiratory tract, at any given 


© Pe 
moment, was equal to the diflerence 


between the total caloric output from 
the apparatus and the amount ol 
calories taken up by the calorimeter. 
The progression of heat uptake could 


thus be followed and the burn halted 


rHE EFFECT OF HEPARIN UPON THERMAL INJURIES TO THE LUNGS RO 


Fic. 4. Dog no. 7. Aspect of lungs and airways 
at autopsy, three days after burning. 


bifurcation occluding both main bronchi 
see Fig. } 
In group II, six animals out of eight 


None of them hag 


membranes or plugs. 


were examined. 
hbrinous Dogs 
nos. 9 and 13 had normal lungs. Dogs 
nos |4 and 15 had scattered atelectasis 
and moderate edema. Dogs nos. 10 and 
i2 had signs of infection of bronchopneu- 
monic type associated with a_ severe 
tracheal stenosis. 

In group III, four dogs (nos. 17, 22, 23 
and 24) had normal pulmonary findings. 
lwo dogs (nos. 20 and 21) had scattered 
atelectasis and moderate edema. Two 
dogs (nos. 18 and 19) had large fibrinous 
membranes in their mairg bronchi, as 
well as atelectasis and edema. 

Bb) Trachea. 


lracheal lesions were severe and had a 


In all three groups, the 


‘harp'y defined upper limit correspond- 
ing to the cuff of the McGill tube. 


In oup |, all animals showed intense 
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Fic. 5. Dog no. 10. Typical aspect of severe tra- 


cheal stenosis 21 days after burning. 


congestion and ulceration of the tracheal 


mucosa. Peritracheal®and mediastinal 
edema were also present. 

In groups II and II], 12 dogs out of 14 
examined developed a stenotic process 
located at the junction of the normal and 
pathological portions of the gachea. 
Dogs nos. 9, 13, 22, 23 and 24 had 
a moderate stenosis. Dogs nos. 10, 12, 
14, 15, and 17 had a very severe ste- 


nosis of 4 to 5 millimeters in diameter 


see Fig. 5). A total collapse of the 
trachea was observed in dogs nos. 20 and 
21. Of the dogs not autopsied, one (no. 
16) showed extreme respiratory distress? 
and, pronoginced wheezing, indicating 
the probalfe presence of a tracheal 
stricture. 

° 


DISCUSSION 
° 


In group I, the control Series, all the 
animals died after @longer interval than 
that reported by Aviado and ®-hmidt 
19592) on the one hand, and by Fine- 


ce] 
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TABLE 1. Electrophoretic comparison of blood serum and tracheal secreti: 
‘Tot. 
; protein (;lobulin Al umin 
g% Albumin % of total L, Ls pb Y Globulin 
° i 
CFroup / 
Dog no.7 «@ 
Serum h. | 19O.8 90.2 ~ 11.4 21.8 iid 1.99 
Secretion +7 970 43.0 4.7 3.8 21.2 8.3 49 
Dow Tit). t 
Serum +3 17.3 52./ 6.4 U8 20.3 14.2 1). 90 
Secretion 4./] 54.6 45.4 8.3 11.6 10.5 15.0 10 
Group Il 
Dog no. It 
Serum 6.7 17.0 93.0 8.6 8 6./ 26.0 11.7 0.89 
Secretion > 5 90.5 19.5 6./ 4.0 22.5 11.3 1.09 
Dog no. 12 
Serum 6.6 92.1 47.9 9,2 6.1 27.2 0.4 1.09 
Secretion 6.0 57.6 42.4 5.8 7.6 15.7 ee 1.36 
spontaneously within 3 to 26 days. Three ture, characterised by marked edema. 
dogs were sacrificed after 21 days. The massive atelectasissand pink frothy fluid 
individual survival times are giveh in partially filling the bronchial tree. In all 
Fig. 3.6 cases, fibrinous membranes were ob- 
° ' : : 
~ served in various bronchial sections, 
) 7 a : , 
Postmortem findings ranging from the main bronchus to the 
A) Lungs.—-In group I, all the animals segmental bronchi. In one dog (no. 7), 
showed a very uniform pulmonary pic- a large such membrane filled the whole 
No 
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From the Clinic for Thor&cic Surgery, Karolinska Sjukhuset. Stockholm. Sweden 


Twenty-one Years of Thoracic Injuries 


° 
A clinical study of 313 Cases - 
° 
° : 
L.. JOHANSSON and ‘T. SILANDER © 
€ 
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During the years L938 1998 the popula- 
tion of Stockholm has increased by 394, 
169 persons. During the same period the 
number of motor vehicles has increased 
by 93,903. ‘Traffic accidents have come 
to be one of our biggest injury-groups as 
regards both degree of seriousness and 
number. Kenney & Schlosser (1958) 
state that 25% of fatal traffic accidents 
in America refer to thoracic injurie&, and 
they estimate that only one of four per- 
sons with thoracic injuries from such 
accidents survive with conventional tre&t- 
ment. @ ’ 

We have tried to find out whether the 
number of traumatic thoracic injuries 
has incr®ased in recent years, to ascertain 
the percentage of such injuries due to 
trathe accidents and to what extent 
changed views as to treatmen®may have 


allected the final resglt. 


° With this aim in view we have ana- 
lysed the thoracic injuries which during ® 
® tha i | 2 

tbe years 1938-1958 h&ive been treated 


at the Sabbatsberg Hospital and dgring 
the years 1957~1958 at the Clinic for 
lhoracic Surgery at Karolinska Sjuk- 


huset. Thoracic injuries due to the inha- 
‘ANLO or swallowing of foreign bodie? or 
2 


12) 
substances have not been 


injurious 
included. 

We have divided up the material into 
two main groups, viz., non-penetrating 
or crushing injuries and _ penetrating 
injuries. By crushing injuries we under- 
stand all traumatic injuries in. which 
there is no wound through the thoracic 
wall. Within this group we have made a 
further division, treating injuries with 
fractures of the thorax skeleton in a spe- 
cial sub-group and traumatic bronchial 
rupture, traumatic aortal aneurysm and 
traumatic pyocardiac injuries respecti- 
vely in sub-groups of their own, In the 
group referred to as penetrating injuries 
we have made a corresponding division 
into sub-groups, viz., cases with lung 
injuries and cases with injuries to the 


heart or large vessels. 
° 


t, CRUSHING INJURIES TO THE 
CHES! 


A. INJURIES WITH FRACTURE OF THI 
@ THORAC SKELETON 
Analysis of the material 
Thys group comprises 295 Cases, inclu- 


ding 219 ngen and 74 women. [he age 
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berg et al. on the other. The cause of 
this may be Que to the diflerence in burn- 
ing techniques. ‘These authors used pure 
steam, without any knowledge as to the 
amountgofl galories given. Aviado et aa, 
using a burning time of 12 to 120 seconds, 
ba® 8 immediate deaths and a survival 
time of 15 to 120 minutes on 18 dogs. 
Fineberg ef al., using a burning time of 
one @ninute on If dogs, had no im- 
mediate deaths and an average survival 
time of 5 hours and 47 minutes. ‘ 

With a standardized amount of calo- 
ries absorbed by the animals, the sar- 
vival time in groups II an@ III was ap- 
preciably longer than that in groupel. 
Although most of the gogs in those two 
groups did die spontaneously, death was 
essentially due to the development of a 
tracheal stricture. Ynce this stenosis was 
lways located at the same level, coincid- 
ing with the extremity of the tracheal 
tube, it constituted essenfially a late 
of 


stration of moist heat. The pathological 


consequence intratracheal admini- 
findings in the lungs of these dogs were 
much less pronounced than ig group I 
and in several cases could directly be 
ascrfbed to the tracheal stenosis. 

The only apparent reason for pro- 
longation of the survival time in groups 
PI ang [II lies in the anticoagulant effect 
of heparin. This affirmation is supported 
by the results of the analysis, and ob- 
of the 


and by the total absence of macroscopical 


servations collected secretions. 


fibrin plugs in group II. 
© In group III, dogs nos. 18 and* 19 
developed In all 


probability, pulmonary exudate had 


large fibrin plugs. 


collected in bronchi and had coagulated 


; be ‘ae a : 
before heparir® was injected. The for- 


¥ 
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Mmation of these plugs could perhaps al. 

shave taken place after the disappearancg 
of the heparineeflect. This possibility 
cannot be denied, but a more prolongeg 
heparin treatment ought to prevent suc! 
late fibrin deposits. 

Many questions still remain unap. 
swered. Heparin can keep the air nas. 
sages free from obstructive fibrinoy 
plugs, and probably thereby prolong 
the survival time in cases of therma' 
as : 
injuries oO the respiratory tract. How. 
ever, heparin rust be administered at 
the earliest possible moment after the 
burn. Further investigation in this direc- 


tion is necessary. 


SUMMARY 
° 
A method for producing experim®ntal lung 


burns, with administration of a standard amount 
of calories. is described. Survival ties of burned 
dogs treated with heparin were prolonged, in 
comparison to those of unjreated dogs. Causes of 


death and pathological finding’ are analysed. 
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TABLE 4. Distribution and combinations of injuries, 


Sternum 
fractures 
Fracture of 
extremities 
Skull 
fractures 
Clommotio 


K it) 
fractures 


all ne ~nsetn 


> ———— — 
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fractures 
b race tures 


e 


Pelvis 
(contusion 


ot verte- 
Luxation 
Liste rte 18 


Misc. 


brae 
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Extent and localization of the injuries 

In 172 cases the fractures involved 
only the ribs or sternum. In the remai- 
hing ‘21 cases these were combined 
with other injuries. Their number is 
shownen Table 3 and the various combi- 
nations in Table 4. 

Lhe total number of ribs fractured in 


raBord 


one or several places was 932. [he distri- 
bution of the fractures among diflerent 
ribs is show in Fig. 2. Of all the fractures 
51.3% Were lalized to ribs VI-IX. In 
18 cases the fractures were bilaterf, in 
117 right-sided and in 143 left-sided. In 
7 cases th®re are no data as to side and 


in ll cases no data as to the number ol 


Q9 


TABLE |.° Distribution according to age. 
Age No. of Age No. of 
groups Cases groups Cases 
10-19 / 70-79 32 
20-29 25 80-89 b 
30-39 — 90-99 
1-49 +9 Av. age 51.8 
50-59 80 No. of females 4 
HOU-H4 98 No. of males 219 


varies between 13 and 91 years and is 
51.8 The age 
be ‘Table 1. 


The period of hospitalization is on an 


On anh averare VyCar®rs. 


distribution may seen in 
average 14.8 days. During the period 
1938-1948 the average period of hospi- 
talization was 12.8 days and during the 


period 1949-1958, 15.5 days. 


» Mode of infliction of the injuries 


107 persons had been injured in traffic 
accidents, to which cause were thus due 


36.5 % of all injuries. 
40 3 


30 + 


938 “40 “42 
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hic. 1. Annual distribution of 293 cases with frac- 


ture of skeleton. Blocked-in columns 
designate traffic accidents. 


| hye rac T 


The distribution of the injuries over 
the years and the percentage constituted 


by trathe accidents emerge from Fig. 1. 


The mode of infliction is seen in Table 
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‘TABLE A Mode of infliction of | 


injuries. 


Mode of infliction 


a 


‘umber 


f Cases 

——.., 
Traffic accidents 107 
Falls from a height 814 
Fall down steps 18 
Fall on same plane 67 
Struck by failing object , 
Manhandling, fighting or sport 5 
Crushing injuries 6 
Trampled or kicked by animal ? 


“ Including 7 jumps with suicidal intent, 


195% 13,74133% 
120 ] ¥ = 
108%" A ° 
97% 
90 | Ba nr 
68% 
cO 7? 507, 
42% e 
30 7+ 
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Fic. 2. Distribution among different ribs of 932 


rib fractures. 


TABLE 3. Simultaneous 
injuries other than rib fractures. 


The table shows only the number of the injuries: 
their various combinations are shown in [able 4. 


occurrence ol 


Injury Number 

One or more fractures of sternum 1 
One or more skull fractures 1] 
One or more pelvic fractures 15 
ne or more fractures of one or several 

extremities 46 
(One or more fractures of one or several 

vertebrae b 
Co mmotio 40) 
(lontusion 34 
Luxation 0 
Distortion 
Hepatic rupture 
Injuries to kidneys or urinary passages 

hematuria 45 


rF % 


Oe 
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IWENTY-ONE YEARS OF 


persons during the years 1945 
244. Of these. 


sven such treatment. 


injure’ 


1958 was 56.6 °.. were 


\forta: 1t} 


In 15 cases the injuries had a fatal 
sue, implying a mortality of 5.1 °%. 

By way of illustrating the difficulty of 
deciding the importance of the thoracic 
injuries for the fatal issue, we give here 


4 summary epicrisis of the 15 cases. 


Account of the 15 fatal cases 


/, 1567/41. 39-year-old man, admitted with 
seriously affected general condition after fall from 
scaffolding. Despite blood transfusion, irreversible 
state of shack causing death within a couple of 
hours. Autopsy. 

Diagnosis: Fracturae multiplex costarum et 
shock 


2, 1897/44. 88-year-old man. Knocked down 


by bus while crossing street. At first recovered 


elvis fat embolisms? 


from shock but died on second day from pneu- 
monias. Autopsy. 

Diagnosis: Fract. costae I]-IX dx. et II-X 
s® ~ bronchopneumoniae pulm. amb. 

3, 300052. 64-year-old man. 
bicycle by bus. Admitted unconscious with fully 
developed state of shock that proved irreversible 
despite intensive treatment. Died 4 hours alter 
admission. Autopsy. 

Diagnosis: Fract. costae multipl. amb. + Fract. 
pelvis c. ruptura urethrae. 


#. 10425/52. 57-year-old man. Admitted 
unconscious after 4-meter fall from scaffolding. 
Subcutaneéus emphysema, pneumothorax and 
hemothorax. More deeply unconscious. Broncho- 
scopic suction second day. On fourth day tracheo- 
tomy to enable bronchial toilet. Died on morning 
ot fifth dav. Autopsy. 

Diagnosis: Il-IX sin. 


Commotio cerebri 


Fract. costae Fract. 


(iavik ie Sin. Ib ract. Cra- 


hi + Haematoma subdurale. 


». 9541/53. 33-year-old man. Seriously aflected 
senera’ condition after 6-meter fall from cable 
conv First day improvement but second day 

ug! ip of fresh blood and sudden worsening. 


Knocked off 
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Laken to operating department for tracheotom 
whi h Was not, however. performed, as bron hee 
scopic Suction resulted in clean bronchial tre 
. e ® 

Half an hour later further worsening and death. 
Autopsy. 

Diagnosis: Fract. costae I11—\ 
bilat. 


sin. et os ley 
Haemothorax + Contusio lob. inf. pulm. 
sin. et contenta sanguina viae respiratori et 
ventriculi + Ruptura hepatis et ren. sin. + Hae- 
matoma retroperitoneale. 

6. 6439/54. 71-year-old woman. Jumped from 
third floor with intent to commit suicide. Shock 
just after admission. Abdominal status indicated 
hemorrhage or rupture of organ and exploratory 
laparotomy was accordingly performed; negative 
findings. Reduction of forearm fractures. Four 
hours after operation died of shock. Autopsy. 

Diagnosis: Fract. cost. III-V dx. + Fract. os 


ilei dx. + Fract. antebrachii dx. — Fract. fibulae 


sin. + Infarctus cordis ~ Haematoma 


retroperi- 
toneale. 


/. 139179/94. 49-year-old woman. Jumped from 


second floor with intent to commit suicide. 
Seriously affected general condition. Numerous 
fractures. Shock. Increasing stupor. Died second 
day. Autopsy. 

Diagnosis: Fract. multiplices costarum, pelvis, 
antebrachit amb., sterni et vertebrarum lumbal. 

Haemothorax + Haemorrhagia subdural. mi- 
nimal. + Oedema pulm. et cerebri. | 

8, 2341/55. 


ween bus and wall. General condition aflected. 


34-year-old man. Crushed bet- 


Cyanosis. Taken to operating department after 
X-ray. 


respiration during preparations for tracheotomy. 


Intubated and given positive-pressure 


Cardiac arrest and death belore there was time 
for operation. Died three hours after admission. 
X-ray showed, apart from fractures, pneumotho- 
rax, hemothorax and subcutaneous emphysema. 
Medicolegal autopsy of which findings not given. 

Diagnosis: Fract. costae multipl. bilat. c. pneu 


mothorax et haemothorax dx. ~ Emphysema 


subcut. Atelectas. pulm. hl. 


9, 12934/55. 59-year-old man. Fell trom filth 
storey while clearing snow from rool. Admitted 
with deep shock and afflee ted general condition 
Not possible tO palpate radia! pulse 2 hours alter 
admission. Tracheotomy performed and patient 
put in respirator. In the meantime carotid pulse 


had also stopped: thoracotomy) and heart massage 


°Q4 


injured ribs. In 7 cases there was only 
fracture of the sternum without other 
injury. The number of fractured ribs per 
patient varied between | and 14, the 
average being 3.5. 

In |i patients it was the first rib that 
was fractured. In one case the fractures 
were bilateral. in 6 right-sided and in 4 
left-sided. Four of the 11 patients had 


simultaneous fractures of the clavicle. 


Complications from pleura, lungs and urinary 
passages 
Pneumothorax, hemothorax and sub- 


cutaneous emphysema occurred in 163 


cases. or 55.6°%,. Hemothorax occurred @ 


in 158 cases, pneumothorax in 78 and 
subcutaneous emphysema in 48 cases. 
The distribution of these complications 
and their combinations emerge from 
Table 5. 

Temporary parenchymal induration 
indicating hemorrhage in the lung is 
reported in 93 cases. 

Hematuria occurred in 43 cases. There 
are no data as to sediment in 70 cases. 
Thus at least 14.7% of the cases had 
signs of injury to the kidney or urinary 


passages. In 40 of the hematuria cases 


TABLE 5. Distribution of hemothorax. 
pneumothorax and subcutaneous emphy- 
sema in 163 cases. 


No. of 

Cases 
Pneumothorax + hemothorax + subcuta- 

neous emphysema 30 

Pneumothorax — hemothorax 15 
Pneumothorax + subcutaneous en®physema 2 
Pneumothorax only 
Hemothorax + subcutaneous emphysema l4 
Hemothorax onl? , 69 
Emphysema only 2 
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Fic. 3. Distribution among different ribs of |5 
rib fractures in 40 cases with hematuria. Poss. 
ble other injuries have not been considered. 


there were, apart from other injuries 
156 rib fractures, including 54.5 °, invol. 
ving ribs VII-X. The distribution of the 
fractures over diflerent ribs is shown jp 
Fig. 3. In one hematuria case there was 
only fracture of the sternum and in one 
there is no information as to the localiza- 


tion of the fracture. 


Treatment 


Pleural puncture was performed || 
times on 52 patients. Permanent inter- 
costal suction drainage (Biilau drainage 
was applied in 26 cases. Intercostal 
blockade was applied in at least 22 cases. 
Four cases required acute operation, 4 
were bronchoscoped and in one case 
positive-pressure respiration was given 
after intubation. 

Tracheotomy was performed in |! 
cases and respirator treatment given IP 
12 cases. Of the 19 tracheotomies, one 
was performed in 4952, four in 1999, 
seven in 1956, three in 1957 and fou 
in 1958. Six of the fatal cases were te 
cheotomized. They are described ™ 
detail below. 

Treatment with antibiotics and 0 
chemotherapeutic agents was given in 


| . ae 
138 cases during the years 1945-199°. 


As emerges from Fig. 1, the number © 


i 
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arkal that during the first 1l-year 
period the hospitalization was of shorter 
duration (12.8 days) than during the 
last 10-year period (15.5 days). We have 
raken this as an expression of an increased 
degree of seriousness 1n the injuries, espe- 
cially as the growing shortage of beds 
in recent years has led to greater string- 
ency as regards the indications for ad- 
mission and to a general cutting down 
of the period of hospitalization. The same 
trend is also illustrated by the fact that, 
of the 15 fatal cases, 13 fall within the 
last period. 

Traffic accidents caused 36.5 °, of the 
injuries. Of the 107 traffic accidents, only 
24.6%, as appears from Fig. |, occurred 
during the first 11 years, while 75.4% 
occurred during the period 1949-1958. 
No less than 62.3 % of the traffic injuries 
happened during the five-year period 
1954-1958. However, also the total num- 
ber of injuries shows approximately the 
same increase, 70.6 % falling within the 
last 10-year period and 51.5% during 
the last five-year period. Even if there 
is an increase in the absolute number of 
traffic accidents, the percentage of thora- 
cic injuries among them has not increased 
to any appreciable extent in this material. 
A possible explanation is that the patients 
derive exclusively from 4 city, where 
narrow streets, density of traffic and 
speed limit have prevented traffic acci- 
dents due to highspeed. In consideration 
of these circumstances, no more detailed 
analysis of the traffic accidents has been 
thought to be indicated. A certain part 
of the increase of injuries in the course 
years may be explained by the 
sowing number of remittances from 


hospitals, running parallel with 


yy 


the increase in thoracic surgical activity 


at the Sabbatsberg Hospital. 


It is very difficult to assess the role of 


rib fractures in the large number of cases 

41 °,) in which they have been combined 
with other injuries. The number of other 
injuries and their degree of seriousness 
may be seen in Tables 3 and 4. Eleven 
of the fatal cases had combined injuries. 
Cameron et al. had 60% of combined 
injuries in their material. 

The distribution of rib fractures over 
the different ribs is in agreement with 
that found in the literature. We have 
not found any predominance for either 
the right or the left side. Nor have we 
been able to find any consistent trauma- 
tic explanation of the fractures of tlfe 
first rib based upon the varying modes 


of infliction of the injuries. 


More than half of the cases had somes 


complication from the pleura or lungs. 
We have included all cases with fluid in 
the pleura verified by X-ray, even if the 
exudation has been only slight. ‘Thus the 
majority of hemothorax cases have not 
required active treatment. In 64 cases 
the pleura has been punctured or drained. 
No fewer than 118 pleural punctures 
have been carried out on 52 of these 
patients. Perrhanent drainage has been 
established in the case of “patients with 
major pneumothorax or in whom pleura! 
puncture has not given lasting results. 
This was done in 26 cases. Both pneu 
mothorax and hemothorax imply a 
considerable risk of functional impair- 
ment of the lung, acutely and on a longe! 
view. In order to increase the vital 
capacity and prevent thickening of the 
pleura, the air or fluid in the pleura must 


alwavs be removed as completely as 


gee. ee ae ae 
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without effect. Died 3 hours after admission. 
Medico-legal autopsy. 

Diagnosis: Fracturae costarum I-X sin. cum 
laesio. lob. inf. pulm. sin. et pletrae + Contusio 
pulm. dx. + Fract. humeri sin. + Fract. pelvis 
cum laesio urethrae. 

10. 1402/56. 64-year-old woman. Jumped from 
third floor with intent to commit suicide. Mori- 
bund on admission. Was given 9 botles of blood 
in rapid succession but state ot shock persisted. 
Cardiac arrest and death four hours after admis- 
sion. No autopsy. 

Diagnosis: Fract. costae XI-XII dx. + Fract. 
comminut. pelvis + Fract. colli fem. lat. dx. 

1]. 12386/56. 77-vear-old man. Knocked down 
by tram-car while on foot. Admitted unconscious 
with extensive subcutaneous emphysema. T[ra- 
cheotomy and respirator treatment. Following 
day more deeply unconscious with hemiplegia, 
pos. Babinski and rising mon-protein nitrogen. 
Died on evening of same “day. Medico-)rgal 
autopsy. 

Diagnosis: Fract. costae multipl. + Fract. cra- 
nis Clontusio cerebri. 

12. 12286/56. 68-year-old woman. Knocked 
down by motor-car. Admitted in developed state 
of shock. Numerous fractures. Anti-shock treat- 
ment | extension of fractures. After temporary 
improvement died 3 days after the accident. 
Medico-legal autopsy. 

Diagnosis: Fract. costae X dx., pelvis, diaphys. 
fem. amb., malleol. med. ped. dx. et claviculae 
dx. + Vuln. contus. reg. occipit. et crur. dx. 

13. 12401/56. 79-year-old man. Trampled by 
cow. Remitted from another hospital on account 
of paradoxical respiration. Immediate trachep- 
tomy and respirator resulting in distinct improve- 
ment. On the seventh day sudden ‘major gastric 
hemorrhage and death before anything could be 
done. Autopsy. 

Diagnosis: Fract. manubrii sterni, costae I]-IX 
sin. et cost. I] dx. + Haemothorax + Ulcus ven- 
triculi c. haemorrhagia ac. 

14.®10512/ 56. 28-year-old man. Crushed under 
tractor. Admitted in affected state to anoter 
hospital, where on suspicion of abdominal injury 
laparotomy was performed. A good deal of blood 
was found in the abdomen, but no other source 
of bleeding than a retroperitoneally located hema- 


toma. Lhe da\ alter the operation remitted to 


Sabbatsberg Hospital. Died on the therd qd, 
after the accident. Medico-legal autopsy 


Diagnosis: Fract. costae IV—VI sin. + ¢ 


ONTusp 
abdominis et thoracis. + Fract. os pubis bilat. », 
os,ischit sin. + fat embolisms. . 


15, 4761/57. 71-year-old man. Found lying 
on the floor at home. Admitted with respirator 
difficulties and cyanosis. At first interpreted 
cardiac infarct and admitted to medical] depart. 
ment, X-ray revealed, fractured ribs anc&h ECC 
gave not evidence of infarct. Was therefore trans. 
ferred to surgical department the day after ad. 
mission. Respiratory insufficiency. Tracheotom 
and respirator on third day. Died a couple | 
hours after the tracheotomy. Autopsy. 

Diagnosis: Fract. costarum III—V sin. + Cardio. 


arterioscleros. + Oedema pulm. 


Discussion 

The age distribution (Table 1) shows 
a maximum in the age groups between 
‘40 and 70 years. This agrees with the 
resul(§ from a material described by 
Knoepp (1941) and Cameron, O’ Rourke 
& Burt (1949), as also with the well- 
known circumstance that skeletal britt- 
leness increases with age. 

We have included in our material al 
cases of rib fracture independently ol 
the degree of other concomitant injuries. 
In a few cases, especially during the 
first years in the series, there has been 
no X-ray examination, yet there has 
been no doubt as to the diagnosis at the 
physical examination. An X-ray exa- 
mination would certainly, even in these 
cases, not have altered the therapeutic 
result, but might possibly have affected 
our statistics relating to pneumothorax 
and hemothorax. We consider, in prit 
ciple, that an X-ray examination 1s ne 
cessary for the adequate treatment of nib 
fractures. 


The period of hospitalization was 0! 


an average 14.8 days. We think 1 rem 


_ 
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of carvon-dioxide retention leads auto- 
matica ly to quick therapeutic activity. 
\fuch more difficult is the judging of the 
apparently only moderately affected 
@itients who are a little strained while 
‘1 the X-ray department and have had 
‘ime to get an oxygen tube inserted in 
‘he nose and have not been considered 
‘> need continuous observation. A cay- 
bon-dioxide retention may be effectively 
ma@ke@ right up to the point of a rapid 
worsening that may prove fatal. Only 
with blood-gas analyses, which may be 
carried out in arterial or venous blood, 
is it possible to make quite sure whether 
there is carbon-dioxide retention or not. 
Astrup has described a quick method for 
these analyses. From the clinical view- 
point it is, of course, better to foresee a 
complication than to treat one that has 
already occurred. In* this connection 
attention may be drawn to Carter’s 
investigations on tracheotomy from 1951, 
where he showed the favourable influ- 
ence of tracheotomy in severe thoracic 
injuries. Carter ascribed the favourable 
eflect to the reducing of the resistance in 
the respiratory passages and of the dgad 
space and to the frequent suctions app- 
ied to the respiratory passages. Jensen 
1952) showed clinically that coughing is 
ineffective in patients with thoracic in- 


guries, which speaks in favour of tracheo- 


tomy, since external devices for the stabi* 


ization of the thoracic wall cannot effec- 
ively eliminate the paradoxical respira- 
@0n and areemoreover, difficult to apply. 


Jensen also gave an account of the neces- 


‘ary measures for the improvement of 


the piratory capacity reduced by 

thora injury. In many cases satis- 

; . . . : 

‘actor’ ventilation cannat be maintained 
1°) 
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despite such suitable aids ( Jensen). It is 
then necessary to have recqurse to arti- 
ficial respiration. Several apparatuses for 
this purpose have been constructed in 
recent years. 


Morch has described a type of respi- 


gator that he has been using since 1940, 


Through hyperventilation through an 
uncuffed cannula this respirator gives an 
alkalotic apnea with extinction of the 
activity of the respiratory musculature. 
Good results with this respirator have 
been reported by several writers (Avery, 
Trier-Morch & Benson, 1956; Avery, 
Head, Hudson & Bennett, 1957; Ken- 
ney & Schlosser, 1958). 

We have used a®volume-cycled respi- 
rator according to Engstr6ém and the 
ventilation has been calculated in ad- 
vance with the help of a h@ady nomo- 


gram. 


Principles of treatment in cases of severe thora- 
clic injuries 

In dealing with thoracic injuries the 
weatment of shock, the sucking out of 
hemopneumothorax and the establishing 
of a free respiratory passage ,are all 

= 

equally important and Wrgent measures. 
The free respiratory passage must be 
ensured with intubation either through 
bronchoscope or endotracheal tube. 
The respiratory passages are sucked clean 
and epositive-pressure respiration 1s ad- 
ministered. A tracheotomy may then be 
perforged with the tube in place. As the 
only satisfactory method of examination 
of thoracic injuries is that by X-ray, 
this should be carried out as soon as 
possible. It must nox be forgotten that 
an X-ray e®amination with the patient 


in the recumbent position cannot cer- 


ee 
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TABLE 6. Mortality for cases of acute 
fractures of thoracic skeleton. 


Reference % 

Findlay, 1937 24.5 
Hinton & Steiner, 1940 @ 10.4 
Knoepp, 1941 7.4 
Cameron, O’ Rourke & Burt, 1949 10.0 
Present material 5.1 


possible. Subcutaneous emphysemas are 
adequately treated with intrapleural 
suction. Supraclavicular incisions have 
also been carried out to empty the emphy- 
s@na. In two cases thoracotomy wag 
performed, in one with repositioning and 
osteo-suturing of the ribs and in the 
other with evacuation of coagula on 
account of major intrathoracic hemorr- 
hage. In two cases laparotomy was per- 
formed on account of suspected abdomi- 
nal injury, but without positive finds. 
In about 15% of cases there was hema- 
turia, thus indicating the importance of 
sediment controls in connection with 
thoracic injuries. Where the finds are 
positive, urography should be carried 
out if the patient’s state permits of this. 

The mortality was 5.1%. Somg com- 
parative figures for mortality are given 
in Table 6. 

The treatment of thoracic injuries 
with rib fractures without any clinically 
observable effect on the lung function 
scarcely requires any special arrange- 
ments. Application of the therapeutic 
views as to the treatment advanced by 
Chamberlain & 1951) 


good results in the great majority of cases, 


Daniels gIVeS 
. . . °. 

even with limited hospital resources. 

Their principles may be summarized as 

follows: free respiratory passage, expan- 


c ® 


ded and air-filled lung, controlled bleed: 
ing, combatted pain and immobilization 


We do not intend 


to dwell on thes 
injuries, but prefer to discuss the treay. 
ment of the severest thoracic injuries | 
where newer methods have been adopted 
with promising results. The above-mep. 
tioned principles (Chamberlain ¢ ai. @ 


are of gourse valid here too. 
3 


. 


| | ' | o) 
Discussion of tracheotomy and respirator treat. 


ment ° 
° 

The understanding of respirator 
physiology, increasing in the course of the 
years, led surprisingly late to practical 
applications in accident surgery. Intuba- 
tion and _ positive-pressure respiration 
had been practised for a long time within 
the walls of the operating department, 
but in the accidents department they | 
were reserved for the anconscious. The | 
treatment of persons with severe thoracic 
injuries was rather restricted to the exter- 
nal stabilization of the thoracic wall to 
facilitate the patient’s own respiration. 
blockades 


were administered with the same pur- 


Analgesics ® and intercostal 
pose and where the injuries were less 
extensive this treatment was adequate. 
In bad thorax cases, however, the lung 
function is so impaired that the patient 
® not able to get rid of the carbon diox- 
ide produced, even if for longer or shorter! 
periods he can be tolerably well supplied 
with oxygen. In every casg of thoracic — 
injury with affected general condition, @ 
multiple rib fractures, paradoxical resp 
ration, disquiet, pallor and cyanosis. 
ineflective coughing, gurgling bronchi. 
and recourse to the auxiliary respirator) 
musculature, one may easily suspec 


carbon-dioxide retention. The diagnos 
° 
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Fic. 4. Appearance of the X-ray picture on day of admission and 5 months later inga case of sever 
crushing injury to the chest (case report 990204/58). 


connection with the fever resulted in 
inadequate excretion of carbon dioxide 
through the properly functioning right 
lung and anoxia. The picture of carbon- 
dioxide poisoning and pulmonary edema 
developed and was instantly counteracted 
with respirator treatment. In the second 
case there was considerable subcutaneeus 
emphysema due to pneumothorax which 
could not be diagnosed by X-ray and 
was revealed only by exploratory punc- 
ture. Despite respirator, unsatisfactory 
respiratory function, probably on account 
of the considerable pulmonary leak which 
reduced the ventilatory capacity of the 
right lung. Only after prolonged drai- 
nage treftment did the air-leak heal 
and the patient’s condition improve. 
Fig. 4 shows the appearance ofthe X-ray 


before and after the treatment. 


Respirator treatment has in our ma- 
feria! been given in twelve cases. Five 
Ol these died. ° 

b the account of the fatal cases it 

E) bd 


° 
appears that the respirator treatment as 
such did not have great possibilities of 
affecting the issue (cases 9, Il, 13, 14 


and 15). 


B. TrRaumMATic BRONCHIAL RUPTURE 
There are two cases in thig group. A 


brief account of these is given below. 


1. A 5-year-old boy in January, 1945, was run 
over by a 3-ton lorry and admitted to hospital 
with seriously aflected general condition, shock, 
multiple rib fractures, bilateral pneumhorax 
and mediastinal ang subcutaneous emphysema 
X-ray examgnation five days later showed a 
shadow behind the heart and decreasing emphy- 
Scilla. (,ood improvement and was seni home 
Troubled with shortness of breath and theretor 
readmitted to hospital. X-ray examingjion now 
revealed an opacity of the left he@i-thorax and 
dislocation of the@mediastinum to the left. [There 
was no change in this X-ray picture for a long 
time. ‘The general condBion Was good but the 
patient Was still short ol breath. Brom hography 
LO months after the ‘act ident showed total (ne lu- 
sion of left main bron hus about | em distally 


from carina. Operation verified the X-ray finding 
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tainly reveal a pneumothorax. When 
these measures have been taken, the 
patient is connected to the respirator. 
If possible, samples should be taken for 
a determination of the pH of the blood, 
pCO, and standard bicarbonate before 
and after connecting the patient to the 
respirator. If arterial samples are taken, 
it is also possible to get the value of the 
oxygen saturation of the blood. Dilata- 
tion of the stomach is common in connec- 
tion with thoracic injuries and may be 
counteracted with an indwelling tube. 
By way of illustrating this form of treat- 


ment, two cases may here be related. 


Interesting and illustrative respirator cases 


J. 301209/57. 27-year-old man. On 26.10 
skidded on motor bicycle and was precipitated 
under a lorry, whose back wheel partly passed 
over the left half of the thorax. Struck his head 
and was unconscious for a moment but immedia- 
tely came to. Admitted to Clinic for Thoracic 
Surgery. Survey of abdomen showed no free gas 
or fluid in abdomen. Moderate subcutaneous 
emphysema over left half of thorax. X-ray exa- 
mination of lungs and thorax revealed fractures 
of 3rd to 9th ribs inclusive on left side. Left hemo- 
and pneumothorax. Infiltration in parenchyma 
of left lung. Fracture through manubrium sterni. 
The patient wag affected by pain but not in state 
of shock and showed no signs of respiratory failure. 
Tracheotomy therefore not performed but anal- 
gesic treatment under careful supervision. Good 
improvement. During the next two days the fluid 
in the left pleura increased and air-content dimi- 
nished in left lung. Simultaneous rise in tem- 
perature to 39°C. on 29.10, when patient sud- 
denly underwent worsening with stupor, dyspnea 
and bad colour. He was tracheotomized and put 
in respirator, Astonishingly quick improvement 
as soon as mechanical respif{ition was started. 
Copious secretion from respiratory passages. 
Repeated pleural punctyres, Progressive impro- 
vement, Could be definitively taken from respira- 
tor on/. Ll. Discharged on 20.11 in good general 


condition. Working full time again on 1.2.58. 


_—_-s* * 


2. 990204/58. 58-year-old man. Wa 


against iron railing on 17.3.58 when 


leaning 
2 ato 
bulldozer rolled against him. Was pressed , 
hard against the railing that the latter was broke 
and he fell into a pit 5 meters deep. Admitted , 
another hospital iQ seriously affected state Wilt! 
respiratory difficulties, shock and subcutaneoy 
emphysema. Paradoxical respiration. Was » 
once given Macrodex ang then blood. He wa 
given positive-pressure respiration with mask ang 
bag and dislocation of left humerus was redyced 
During the positive-pressure respiration thy 
subcutaneous emphysema increased. Was trang. 
ferred to Clinic for ‘Thoracic Surgery wher 
he was at once tracheotomized and put in respira- 
tor. X-ray revealed numerous right-sided ri 
fractures, fracture of clavicle but no pnewnothora 
Another X-ray examination a couple of hour 
later still showed no pneumothorax. The sub. 
cutaneous emphysema increased further, th 
blood pressure rose to 200 mm Hg and puls 
rate increased to 110/min. glhe pleura on thy 
right side was then punctured and a considerabk 
amount of air sucked out. Intercostal drainay 
accordingly established. Blood pressure went 
back to 115. There was considerable leakage 
from the right lung into the pleural cavity. 17 | 
min. was given in the respirator but only between 
9 and 10 liters was returned. After establishment 
of permanent pleural drainage progressive and 
surprising improvement. Lay with respirator 
from 17.3 till 31.3. Had fever between 38° and 
"39°C during the first week in spite of antibiotics 
X-ray pictures of lur&s showed clearing up. The 
pleural drainage had to be retained until 1.4 on 
account of considerable air-leak. Despite moiste- 
ning in the tracheal cannula, quite a number of 
troublesome crusta formations in cannula and 
trachea. Strong suction brogght up fibrin clots 
constituting a respiratory hindrance. After remo- 
val of cannula and when patient had been up 
for @~ week, he could lt discharged in gooc 


general condition on 29.4.58. 


“ay pe 

In the first case there were no obser 
able signs @f respiratory failure. Not- 
withstanding this, there was poor ventila- 


tion of the left lung with atelectasis and 


‘Ss 
fever. The increased metabolism ! 
° 


a 


| 
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injury ill then be diagnosed in the pe- 


riod 1 mediately following this. Small 
bronchial ruptures are probably able to 
heal without impairment of function. 
If operation is indicated, it should be 
performed early and in any case an 


should be 


made; jmeumonectomy can only be 


attempt at reconstruction 
defended in cases in which the blood 
vessels of the lung are so badly damaged 
nts @ = oO ; 
that perfusion of the lung is jeopardized. 
Case | provides an illustration of the 
diffiguity of arriving at a correct dia- 
onosis. The case was at first judged 
to be one of left-sided chylothorax, and 
| month after the accident the left half 
of the thorax was no longer leaking and 
the mediastinum displaced to the left. 
There was no Ghange and the patient 
w&s in good condition until 10 months 
total occlusion of the left 


later. when 


main bronchus was verified broncho- 
graphically. [That pneumonectomy was 
performed on account of the bronchial 
stenosis and that no attempt was made 
to anastomose the bronchus must be seen 
against the background of the view 
concerning treatment of these injuries 
that was current at the beginning of the 
1940's. The 
resection was performed as late as 1948 
by Griffith. . 


Case 2 is an illustration of the possibility 


first successful bronchial 


of making an end-to-end anastomoss of 
the totally ruptured bronchus despite 
the fact that atelectasis and non-func- 
tioning of the lung had persisted for 95 
months. The lung expanded completely 
postoperatively and no_ bronchiectasis 


had ¢ ‘veloped, which could be estab- 
lishes 


by 
4 


vith bronchography. 


if a long timé has elapsed bet- 


o 
1O3 


ween injury and diagnosis, an attempt 
to restore continuity in the bronchus 
should always be made. 
og 

* C. Traumatic Aortic Inyurtes 

There are two cases in this group, one 
from 1957 and the other from 1958. Both 
were men, 39 and 33 years old respecti- 
vely. In both cases the injury had been 
sustained by driving off the road and in 
both cases the victim gwas driving and 
had been flung against the steering wheel. 
When the immediate sequel after the 
injuries had been overcome, there was 
in the one case no other subjective trouble 
than a humming noise from the thorax 
synchronously with the pulse. The other 
patient was troubled with an inritating 
hacking cough. In both cases it was 
possible with aortography to show an 
aneurysm the size of an orange in the 
thoracic aorta just after the branching 
off of the subclavian artery. The 1957 
case was operated upon with resection of 
the aneurysm and suturing of the aorta 
and the 1958 case with aorta resection 
and the insertion of a graft with end-to- 
end suture. In either case were there 
any complications in the postoperative 
period. Fig. 5 shows aortography of the 


and atter 


last-mentioned case before 


operation. z 
e 
Discussion 
Ruptures of the aorta are probably a 
more common result of non-penetrating 
chest injuries than has hitherto been sup- 
posed. AS about 15 per cent of those 
sustaining these injuries survive the acci- 
dent itself, it is important that the cond1- 
tion should be recognized so that early 


surgical treatment may be undertaken. 


1Q2 


. * 
Left-sided Post- 


operative period without complications and the 


pneumonectomy performed. 
boy discharged on 23.12.45. 

2, 639/52. 7-vear-old girl. On 1.8.51 received 
a blow in scapular tract of left half of thorax 
from handle of wheelbarrow. Admitted to hospi- 
tal with extensive gsubcutaneous emphysema, 
right-sided pneumothorax with mediastinal dis- 
placement tg the left. The following day regres- 
sion of emphysema. Frequent lung controls showed 
totally collapsed right lung. On 26.11.51 was sent 
home with unchanged X-ray picture of lung. As 
she showed shortness of breath and cyanosis on 
exftion, she was readmitted to same hospital on 
20.12. Transferred to the Sabbatsberg Hospital on 
16.1.52 and operated on 30.1. Operation disclosed 
total rupture of right main bronchus just next to 
the branching off of bronchus of superior lobe. 
Both bronchial stumps healed. After excision of 
cicatrized tissue the stumps were sewn end to end. 
When the bronchial tree had been sucked clean, 
the lung could immediately be filled with air. No 
complications in postoperative period. Repeated 
X-ray controls showed good air-content in right 
lung which had expanded all the way to the thora- 


cic wall. Discharged on 27.3.52. 


Discussion 

Traumatic rupture of the main bron- 
chi is a rather rare complication of thora- 
cic injuries. Bronchial rupture is often 
combined with other injuries to the 
intrapleural structures. One may there- 
fore suspect that the immediate mortality 
is high. As the injury is easily accessible 
by surgical treatment, it is important 
that the diagnosis should be made early. 
The 1S commonly a severe 
trauma to the thorax, e.g. lorry wheél 
over the chest (case 1) and moré rarely 


a blow on the thorax. The site of the 


accident 


bronchial rupture is as a rule localized 
to one @f the main bronchi about | cm 
from the bifurcation. It has been asserted 
that the mechanism for the injury is 


either a compression of the bronchus 
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between tke Spine and the soft t \orac; 
wall or the increased intrabronchija) 
pressure arising uf consequence of the 
patient's closing the glottis and holding 
his breath before the expected trauma 
If the bronchial rupture is more per. 
pheral, then the pleural symptoms jy 
the forrf of tension-pneumothorax with 
respiratory difficulties may predominate 
If, however, the rupture is more centralh 
located, then the mediastinal and syb. 
cutaneous emphysema may dominate 
the symptom complex. | In these cases 
the mediastinal soft parts may seal the 
bronchial rupture. Mediastinal emphy. 
sema must thus always be regarded » 
a symptom of bronchial er esophageal 
rupture and the patient treated accord- 
ingly un@l the diagnosis is verified. Pati- 
ents who survive the acute injury and in 
whom the bronchial rupti@®e has been 
sealed develop a non-functioning atelec- 
tatic lung. The diagnosis is made with X- 
ray examination and it has been pointed 
out by Norlin (1955) that in cases with 
thoracic injuries” with pneumothorax 
and mediastinal emphysema sufficiently 
penetrating films should be taken to per- 
mit a detailed study of the trachea and 
main bronchi. In this way an exact 
diagnosis is in the magority of cases 
possible at an early stage. If X-ray 
not able to Sow the bronchial rupture 
during the acute stage, it becomes neces 
sary to carry out bronchoscopy. The 
difficulty of combatting a pneumo 
thorax owing to thg magnitude of the 
air-leak may sometimes necessitate explo- 
ratory thoracotomy, whereupon the 
bronckial rupture Is disclosed. A conser 
vative treatment may, on the othe hand. 


be sufficient as early treatment and the 


* 


& 
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later. in whom the developed aneu- 


-ysm is observable in connection with a 
routine -ray. It is therefore extremely 
important that persons who have *been 
exposed to accidents of this kind should 
be made the subject of routine examina- 
‘ions io@a sufficient time after the trauma 
~, that the diagnosis is not neglected. 
Pains in the chest, hoarseness, coughing, 
respiratory difficulties, dysphagia and 
hemoptysis are important symptoms indi- 
cating the development of a mediastinal 
hematoma. [he diagnosis 1s roentgeno- 
logical and aortography reveals the site 
of the rupture. Even if there are advo- 
cates for conservative treatment of aortic 
aneurysm, surgical treatment strikes us 
as necessary on account of the grave risk 
of rupture, even though operative morta- 
lity is relatively high. Experience has 
shown, however, that the operative mor- 
tality is already declining. ‘The treatment 
is therefore resection of the aneurysm 
and the restoration of continuity in the 
aorta with a graft if necessary. The 
higher in the aorta the aneurysm is, the 
greater will be the technical prob&ms 
confronting the operator. With a very 
highly placed aneurysm one cannot find 
room for dgclamp forceps without at the 
same time closin® the carotids, which 
cannot be tolerated without special 
arrangements such as hypothermia or 
tempoMry shunts. In both of our cases 
the clamping of the aorta during the pe- 
riod that was required for the completion 


ol the suturing was rendered possible by 


Nypothermia to 30°C. © 
° 
D. ‘lRAUMATIC MYOCARDIAL INJURIES 
Lh 


one case in this group, no. 440519/58. 


id boy while playing basket-ball was 


o ° 


© 
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bumped against the wall in the gymnasium on 
17.10.58. Struck left side of chest and abdomen. 
On account of tenderness and ache in abdomen 
and increasing shortness of breath. fatigue and 


) 10) 


tee tm 


palpitations was admitted to hospital on 
for observation on suspic ion of intraperitoneal 
hemorrhage. M-ray showed a general enlarge- 
ment of the heart and pronounced puln®nary 
stasis. ¢ sraduaMworsening of the general condition. 
Transferred to medical department where on 
24.10 renewed X-ray examination revealed a 
further enlargement of the heart. Venous pressure 
l6 cm. Puncture of pericardium for suspected 
hemopericardium yielded 35 ce of dark blood. 
The pundate coagulated. After puncture a 
chafing sound was heard over cor. During this 
stay in hospital, fever about 38°C. As patient’s 
condition grew still worse and the diagnosis 
hemopericardium seemed probable, he was on 
24.10 flown to the Clinic for Thoracic Surgery. 
On admission his general condition was strongly 
affected with violent dyspnea, tachycardia, cya- 
nosis and swollen liver. X-ray revealed enlarged, 
rounded heart and pulmonary stasis. As the state 
was diagnosed as cardiac tamponade, it was 
decided to perform a pericardiostomy and _ the 
narcosis was begun. In connection with the intu- 
bation the patient's heart stopped beating. Imme- 
diate incision and heart massage, whereupon the 
heart started beating again. The pericardium 
contained only a small amount of fluid. The heart 
was extremely large and the anterior wall stiff, 
pale and with very small movements. Suture ol 
the*incision. Tracheotomy and respirator. Blood 
pressure of 70-80 mm He could be maintained 
only wath noradrenalin, blood transfusions and 
hydrocortisone. Unconscious with left-sided hemi- 
plegia and violent electrocardiographically recor- 
ded dysrhythmias of various kinds. Was given 
pronestyl. Removed from respirator on 3.11 and 
was thereafter able to ventilate himsell. Regula 
pulse without deficit only after 1.12. Had eaten 
and drunk since 24.11. Gradually becaThe clearet 
and could start talking. Blind. ‘Three months alter 
the operation VISION returned, as did also the 
power of movement in the left half of th body 
Was able to get up and walk and « ould see to read 
Still an inmate ol local hospital, from which re- 
ports of further improvem« nt have been received 


: 
' 


Wray pi tures and EGG shown in Figs. 6 and 
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Fic. 5. Preoperative and postoperative aortography in a case of traumatic aortic aneurysm® 


According to Parmley, Mattingly, Ma- 
nion & Jahnke (1958), 67% of these 
injuries are caused by motor-car acci- 
dents, and since the number of injuries due 
go traffic accidents is constantly increasing 
it appears probable to us that the aneu- 
rysm will come to play a still more 
important role than hitherto. The forces 
which are able to cause a rupture of the 
aorta are the same as those connected 
with other non-penetrating injuries to 
the chest, viz. direct and indirect. These 


forces act upon the thoracic aorta with 


a predilection for certain sites. One of 


these is the descending aorta immedia- 
tely distal to the subclavian artery. It is 
surprising that anyone survives the actual 
aortic rupture, and this mgt be due to 
that fact that the rupture does not involve 


all the layers of the wall or that a hema- 


togia is formed in the media@inaP tissues: ~'~xorrire~arreurysnr butstS Weeks er month 


juries may appear both hours and days 


° 


thus preventing the injmediate rupture | 


of the vessel. In the sequel the hematoma 
grows mediastinally arfi the patient 1 
the whole time threatened with rupture 
of the hematoma®with immediate death 
as a result. While the hematoma is grow- 
ing, it may exert pressure upon differen’ 
mediastinal structures which may pro- 
voke symptoms from which the condition 
may be suspected. Thus, for example, 
the case from 1958 had an _ irritating 
cough owing to the pressure exerted b 
the hematoma on the left main bronchus 
and invasion in the left inferior lobe. 


Symptoms indicating these sePious in 


after the accident; but there are als 
others who, after surviving the perioe 
immediately following the accident, @ 


not manifest any @¢ymptoms until the 
o 


S&S 
. * 


IWENTY-ONE YEARS OF 


ic hemopericardium. The prog- 


traun 
nosis for this injury must be regarded as 
seriou but it varies of fourse with the 


extent of the injury. Samson has reported 
31 0, mortality. The treatment is entirely 
symptomatic. 

In our particular case the symptom 
complex was dominated by cardiac in- 
sufficiency. The X-ray picture with the 
large round heart and the previous 
pericardiac puncture resulting in tem- 
porary improvement both supported 
the assumption of cardiac tamponade. 
The contents of the pericardium were 
adjudged to be in part coagulated blood, 
so that further puncture was considered 
unnecessary, since it would not have 
been possible to evacuate the coagulated 
blood completely by this means. The 
evacuation of the coagula was deemed 
possible only through pericardiotomy. 
Owing to the patgnt’s bad condition, 
we were prepared for cardiac complica- 
tion in connection with the induction of 
narcosis. When the heart stopped, it 
was thus possible to perform immediate 
thoracotomy and apply massage until 
it resumed its function. When the heart 
was exposed, the angerior and left walls 
were found to be changed in appearance. 
The colour was pale brown with yello- 
wish patches. The heart was strikingly 
large and the visible parts of the left 


ventricle were scarcely Performing any 


fo) ; : 
contractions. After the operation the 


patient was put in th® respirator and the 
blood pressure was maintained at about 
- er 

‘U-80 mm Hg with the help of blood 
'ranstusions and noradrenalin drip. Al- 
though we were prepared for the cessa- 
te + +} ; sare © “¢ 
gn o! the heart’s activity, so that thora- 


“otom. could be performed immediately, 


THORACIC INJURIES 1Q7 


the patient sustained an anoxemic injury 
to the central nervous system which was 
not restored until after the lapse of 3 
months. The picture of the disease was 
interpreted as a traumatic myocardiac 
injury. Owing to the difficulty of inger- 
preting the picture, the paticnt had the 
added strain of a thoracotomy. Despite 
the operation, the patient survived, and 
the happy issuc is to a large extent to be 
ascribed to the anf-shock and respirator 
treatment. In Fig. 6 may be seen the 
appearance of the heart before the opera- 


tion and 3 months later. 


Dr. Sture Bevegard from our physiological 
laboratory summarizes the ECG changes as 
follows: From 25.10 gnd the immediately succee- 
ding days the ECG series shows supraventricular 
tachycardia with development of impulses from 
varying auricular foci. At intervals relatively 
frequent ventricular extra systoles. (Fig 7a). ‘Vhe 
frequency varies from about 130/min. to about 
170/min. The first ECG recording with 5 pre- 
cordial leads (CR-leads) shows right ventricular 
pattern in both extremity leads and all precordial 
leads. Only in lead a VL is there any indication 
of left ventricular pattern. The amplitude of 
ORS is very low in the l@ids CR, _,; (normally 
corresponding to the left ventricle). In lead CR. 
the initial complex is split up as it is In connection 
with intraventricular conduction obst#le. Fur- 
thermore, two-phase T’-waves as in connection 
with general myocardiac injury (Fig. 76). 

In the ECG recording as from 29.10 the initial 
complex has been partly normalia@@d and th@ left 
ventricular pattern is f®und in the lead CR,,. 
As from 31.10 there are at intervals recordings ol 
ordinary sinus rhythm and at intervals, as pre- 
viously, development of impulses from varying 
auricular foci with series of extra auricular systo- 
les and varying frequency® of extra ventri ular 
svstoles. Bh December essential normalization ol 
the initial complex, but remanent signs of myo- 
gardiac affection which appear to be localized 


on the whole to the apex region (Fig. 


° 
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Fic. 6. Appearance of the X-ray picture on day of admission and 3 months after operation in a cas 
traumatic myocardiac injury (case report 440519/58). 


Discussion 

Contusion of the heart with subcuta- 
neous ruptures of the myocardium is a 
clinically relatively unequivocal concept. 


“rhe case is otherwise with tee neither 


macroscopically nor,microscopically un-® 


) 
objectionable changes that may appear 


in connection with subcutaneous thoracic 
injuries and are referred to as commotio 
cordis*There is a floating line of demmr- 
cation between these changes and those 
in which it is possible to show definite 
injuries to the myocardium and which 
are generally referred to as contusio 
cordis. As in the case of commotio and 


contusio cerebri there is here probably 


only a difference of degree but not of 


kind. Trauma of the anterior thoracic 
wall is probably a common cause, e.g. 
traumata from being flung against the 
steering wheel in car accidents, though 
ianumerable other traumata to the tho- 


rax, both direct and indirect. have been 


reported as the cauge (Warburg, 1938: | 
Sournia, 1958; Derra, 1959). Kissane | 
considers that 15%, of all deaths due to | 
non-penetrating injuries to the chest are 
due to heart injury. 

The symptoms often appear immedia- 
tely, but in a number of cases there 1s 2 
symptom-free interval of several days, 
The symptom complex is dominated b\ 
signs of cardiac insufficiency with tachy- 
cardia, hypotonia, dyspnea, cyanosis anc 
cerebrally affected status. Electrocardio- 
graphically it is possible to observe, inte! 
alia, every conceivable dysrhythmia. 
The condition is hard to distinguish 
from other cardiac affections and maj 
often present the appearance of hemo- 
pericardium, cardiac infarct or acute 
myocarditis, especially as the traumeé 
may have been only slight and followec 
by a symptom-free interval. 


The enlargement of the heart observe 


gn the X-ray may be confusingly like 4 


crushing 
© 


IWENTY-ONE YEARS O} 


® 


e injuries in attempts at suicide. 


L1Tic 

One case occurred in each of the years 
949. 1945, 1947, 1949, 1951 and 1958, 
nd 4 cases occurred during 1957. The 


age varied between 18 and 453 years and 
the period of hospitalization between | 
and 27 days. 

[here 


pneumothorax in 


was hemothorax in |0 cases. 


8 and subcutaneous 
emphysema in one case. 

Two cases required immediate opera- 
non on account of hemorrhage. Four 
cases were treated with repeated pleural 
punctures or permanent pleural drainage. 
(he remaining 4 could be treated con- 
servatively. Antibiotics were given in & 
cases. [here were no deaths in this group. 

° 
Discussion 

The penetrating thoracic injury is for 
obvious reasons associated with war-like 
actions. Experience of these war wounds 
is therefore taken as the basis for their 
treatment in peace-time. The surgeons 
who worked in the great theatres of war 
during the last“world war have the widest 
experience of these injuries. They report 
a reduction in the mortality from 25 %, 

eduring the first world war to 6 % during 
the second. 

@lhe principles of treatment are on the 
whole the same ‘as those described for 

‘This 


implies that the respiratory passages must 


. . . oOo 
injuries (see page Y). 


be kept free through tracheo-bronchial 


asMration if the patient himself cannot 


satistas torily expectorate. ‘This may be 
*) 


done either by bronchoscopy or, if neces- 
ary, by tracheotomy. The patient must 
be kept free of pain, e.g. through inter- 
costal | lockade. In cases with penetrating 
moray 


ra 


in} uples there is tle risk of infec- 
e 
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tion in the opened hemopneumothoraci 
cavity. Also tension pneumothorax and 
subcutaneous emphysema may occur. 
The best and® most effective treatment 
to obviate impairment of the lung func- 
tion due to empyema and pleural scai 
is early and thorough aspiration of the 
pleura. Owing to the risk of contamina- 
tion, an adequate antibiotic therapy is 
While the 


majority of penetrating thoracic injuries 


necessary from the outset. 
can in peace-time conditions be treated 


conservatively, there are nevertheless 


certain indications for thoracotomy. 


Continued bleeding from intercostal. 
mammary or pulmonary vessels calls for 
exploration. Big wounds with fragments 
of bone and exposed pleura require 
explorationeand suture and in connection 
therewith the removal of foreign bodies 
and the fixation of fragments of rib are 
probably indicated. Injuries to the lung, 
on the other hand, do not, provided there 
is no major hemorrhage, require any 
other surgical measure than those bring- 
ing aboutearly and complete re-expan- 
sion of the lung. 

In only one of our cases was there an 
open channel to the pleura through a 
big wound after a blow wifh an axe 
sucking wound. The wound was explored 
and the pleura drained. Of the remainigg 
cases only 4 required treatment against 
hemopneurfothorax. Of particular inte- 
rest IS the fact that one of ow patients 
refused treatment a@d dis#ppeared on the 
without 


dav of admission 


anvthing 
. . ie) ° 
further being heard of him, and _ this 
despite a pneumothorax after bene 
ts) 
stabbed in the chest. 
Manv of the cases were attempted sul- 


cides. 
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Summarizing, ¢ 


series has shown abundant occurrence of both 
supraventricular agd ventricular extra systoles 


and signs of mvocardiac aff€ction later localized 


sion the left ventricle appears from the ECG 
viewpoint to have manifested very slight activity. 
After some days, however, signgof electric activity 


in the left ventricle recur. We find no typiAl 


| 
—s | 
eee ft 


hic. 7. a, b,c. For explanation see text. 


me may say that the EC 


to the apical region. In the first days after admis- 


ECG picture for infarctation. 
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G 2, PENETRATING INJURIES TO 
THE CHEST 
A. CASES WITH BUNG INJURY 
Ten cases are included in this group.¢ 
9 men and | woman. [The injuries were 
caused in 5 cases by stabbings, in | 


the stroke of an axe and in 4 cases )) 


rifle or revolver shots. Five patients su 


\! 


heart. Lhe patient's condition under- 


went worsening postoperatively and he 


died in the picture of a pulmonary edema. 


Autops) disclosed a fresh cardiac infarct 
‘yn the left ventricle, corresponding to the 
‘hrombotized and contused right coro- 
nary vessel. The only perforating vascu- 
lar injury was a traumaty aneurysm in 
the left subclavian artery from the bullet 


i ig 
wound. The aneurysm was extirpated 


gind the vessel was sewn end-to-end. 


SUMMARY 


A material of 313 cases with thoracic injuries 
from 1938-1958 is analysed. The material inclu- 
des groups with rib fractures, bronchial rupture. 
aortic aneurysm, traumatic myocardiac @njury 
and penetrating heart an@ lung wougds. Th: 
mechanism for the mode of infliction of the inju- 
ries, the symptomatol@zy and tM treatment are 


priefly discussed for each group of injuries. 
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* B. Cases wiru Injury TO THE HEART OR 


injuries during the period for the investi- 
gation, with one case dor each of the 
®years 1945, 1948, 1949, 1955 and 1958. 
Two had budlet injuries, two had knife- 
wounds andgone had injuries from a fall 

> on a long splinter of glass. ‘Two of the 
® patients had injured themselves in at- 
tempts at suicide. The age varied between 

13 and 43 years and the perfd of hospi- 
talization between @ and 66 days. Hemo- 


thorax occurred in 3 cases and pneumo- 


() 


rHE (sREA 


Five male cases were treated for such 


thorax in 2. 


and the fifth could be treated conserva- 
tively. They are briefly described in the 


discussion. There was one death in the 


o} 


Four of the cases required operation, 


OUD). 


Discussion 


nature and survivors from them may be 


et al. Lhe immediate consequences of a 
penetratiffg heart wound are Remorrhage 
and cardiac tamponade. Injuries to the 
pericardium always exist sgnultaneously 
with the heart-wound but may also occur 


without injury to the myqgardium. If the 


Remorrhage may, if it continues, give 


These injuries gre of a more dramatic 
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rise to cardiac tamponade. 


pericardiac injury allows the bleefing 
lree pggssage into the thoracic cavity. In 
cases of hemopericardium pericardio- 
centesis has been recommended, but this 
pS risky and should be undertaken only if 
there are signs of cardiac tamponade. 
Attention has been drawn to the value 
of 


conserval ive 
2 
 & 
* 


treatment 


in 


Cases 


injury to the pericardium #@ slight, the 


A mayor 


of 


estimated as 15°, according® to Parmley e 


penetrating heart-wounds and o ¥ pune. 


ture of the pericardium has been unde. 


taken to reduce the cardiac tarmpona® 
Cooley, Dunn, Brockman & DeBake 
1955). There@are, however. certain accep. 
ted indications for operation, e.g. symp. 
toms of cardiac tamponade that do yy 
disappear after aspiration, rapid ace, 
mulation of the cardiac tamponade ay 
continued hemorrhage outwardly or ; 
the pleura. In the treatment of injuri 
to the great vessels, on the other han¢ 
there is no justification for the conserya. 
tive attitude. It is difficult to deal scp. 
matically with these cardiac and vascul, 


injuries, and each case must be take 


gndividually with independent judge. 


ment. In the course of treatment 30°, 
those who have survived the immediat 
trauma succumb. 

The material includes 2 cases wit 
pericardiac injury. In one case there wa 
only the X-ray diagnosg of air in tly 
pericardium and no &ctive measure 
were called for. Seven days after the 
infliction of the trauma the second cas 
developed signs of cardiac tamponade 
and satisfactory aspiration proved im 
possible. The pericardium was accoré: 
ingly drained with pericardiostomy. Alte 
a further 3 weeks de@rticetion of th 
heart was performed on account of symp 
toms of constrictive pericarditis. 

One case of a knife-wound in the 
anterior wall of the right ventricle wil! 

| @ ; 
rapidly developing symptoms of carga’ 
tamponade required thoractomy 4 
suture of the perforation in the ventricle 

One ca was ‘operated upon on th 
suspicion of hemorrhage in the righ 
pleura after a pistol shot in the ches! 


On operatign the pulmonar® leak wa’ 
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[he occurrence of intrapulmonary cavi- In 1950-1952 X-gayvs of the lungs 


Hes in sarcoidosis is a well-known phe- 
nomenon which is especially connected 
@ with the tendency to fibrosing with the 
concomitant formation of bullous em- 
physemas. On the X-ray picture these 
may sometimes give the appearance of 
‘caverns’. Whether genuine caverns can ¢ 
occur in cases of chrorge pulmonary sar- 
i coidosis is, however, a matter of divided 
) opinion, and to throw some light upon 


the question we wish to give an account @ 


of the following case. é 


° 
CLINICAL DATA 


. The case is that of a woman. E. B.. 
born in 1918. In 1950. whgn she was 32 
years of age, lung changes of sarcoidotic 
were observed: and 


type bilaterally 


symmetrically enlarged hilar lymph 
le ° | °.. ;' 
nodes, as well as extensive patchy and 
streaky densities in the parenchyma, 
mainly in the central parts of ghe lungs 
Fig, 9. No reaction to Mantoux 100 
units, either in 1950 or in repeated sub- 
sequent tests. In 1952 lupus pernio appea-® 
red in an l%-year-old traumatic scar 
on th® cheek: biopsy showed changes 


®comp 


ible With sarcoidosis (cf. Léfgren 


#F ) 


shgwed a certain regression of the hila 
lymphomas but increasing fibrosing in 
the parenchyma. From 1952 there was 
steadily increased fibrosing accompanied 
by the appearance of local emphysema 
Fig. 2). During the period February 

April 1956, fortisone therapy was resor- 
ted to. This resulted in a considerable 


subjective improvement and a certain 


regression of the lung changes. However,® 
this treatment had to be discontinued on 
account of recurring bronchopneumo- 
nias, for which repeated treatments with 
antibiotics were given (penicillin and 
tetradecin). From April 1956, X-ray of 
the lungs showed a cavity at first walnut- e 


sized, afterwards growing to the size of 


a hen’s egg and located centrally in the 
right upper lobe (Fig. 5 
K@om May 


appeared; it steadily increased in quan- 


1956. purulent sputum 


tity up to about 200 ml daily in Novem- @ 
ber. Bacteriological! exagnination of the 
sputum showed, in@May, a mixed flora 
of Stapf lococcus pyogenes, Hemophilus 


hemo®ticus, Neisseria, pneumocor q and 


alpha streptococci, but no growth ol 
; .@ | 4 
fungi. In connection with the marked 


incréased amount ®f sputum In Novem- 


‘ 
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‘ Cavern Formation in Pulmonary Sarcoidosis 
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[he occurrence of intrapulmonary cavi- 
ties in sarcoidosis is a well-known phe- 
nomenon which is especially connected 
with the tendency to fibro&ng with the 
concomitant formation of bullous em- 
physemas. On the X-ray picture these 
may sometimes give the appearance of 
‘caverns’. Whether genuine caverns can 
occur in cases of chronic pulmonary sar- 
coidosis is, however, a matter of divided 
opinion, arg] to throw some light upon 
the question we wish to give an account 


of the following case. 


CLINICAL DATA 
pe: ° ° ; 
lhe case is that of a woman. E. B.. 


borfi in 1918. In 1950, when she was 32 
years of age, lung changes of sarcoidotic 
type were observedg bilaterally and 
symmetrically enlarged hilar lymph 
nodes, as well as extensive patchy and 
streaky densities in the parenchyma, 
mainly in the central parts of the lungs 
Fig. 1). No reactio® to Mantoux 100 
units, either % 1950 or in repeated sub- 
sequent tests. If, 19§2 lupus pernio appea- 
red in an |8-year-old traumatic scar 


cheek: 


competible with sarcoidosis (cf. Léfgren 


On the biopsy showed changes 


ét al. mM DR 9 


In 1950-1952 X-rays of the lungs 
showed a certain regression of the hilar 
lymphomas but increasing fibrosing in 
the parenchyma. From 1952 there was 
steadily increased fibrosing accompanied 
by the appearance of local emphysema 
‘Fig. 2). During the period February 
April 1956, cortisone therapy was resor- 
ted to. This resulted in a considerable 
subjective {mprovement and ea certain 
regression of the lung chang&. Howgver, 
this treatment had to be discontinued on 
account of recurring bronchopneumo- 
nias, for which repeated treatments with 
antibiotics were given (penicillin and 
tetradecin). From April 1956, X-ray of 
the lungs showed a cavity at first walnut- 
sized, afterwards growing to the size of 
a hen’s egggand located centrally in the 
right upper lobe (Fig. 3). 

From May 1956, purulent sputum 
appeared; it steadily increased in quan- 
tity up to about 200 ml daily in Novem- 
ber. Bacteriological examination of the 
sputum showed, in May, a mixed flora 
ofeStaphylococcus pyogenes, Hemophilus 
hemolyticus, Neisseria, pneumococci and 
alpha streptococti, but no growth ol 
fungi. Ineconpection with the markedly 


increased @mount of sgutum in Novem- 


! 
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Che heart weighs 260 g, enormously 
dilated on right side. Spleen weighing 
) g with very pronounced chronic 
eongestion. Als®S congestion in kidneys 
and liver. In the latter organ may be 
een scattered subcapsular white foci the 
size of pepercorns, whereas no such foci 
appear on nugnerous section surfaces. 
Apart from gallstone the autopsy did 
not in other respects reveal anything 
notewo!l thy. 

Also histologically the lungs present 
‘the picture of an older and fresher sar- 
coidosis, with larger and smaller conglo- 
merations or isolated submaliary to mi- 
liary epithelioid cell tubercles of varying 
age, to a large extent more or less trans- 
formed into connective tissue and degap- 
suled. In the fresher. foci may be seen 
an abundance of Langhans’ giant.cells, a 
number of them with suspected inclu- 
sion bodies. No caseous necroses. The 
wall of the large cavity in the right lung 


is made up in part of fibrous connective 


ire O1dOSsIS¢ te ¢ lg 
a)*. ‘ 1eson. | 1(). 


Fic. 4. Frontal section through the lungs with 
the main bronchi opened (seen from the dorsal 
side). Located centrally in the right upper 
lobe a large, relatively smooth-walled cavern 
in part filled with blood. 


tissue and in part of an apparently non- 
specific granulation tissue with dense 


lymphoplasmoleucocytal cell infiltration. 


In some places, however, a couple of 


entirely hyalinized sarcoidotic tubercles 
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Fic. 1. X-ray of lungs in Feb. 1951: Bilaterally 
enlarged hilar lymph nodes and patchy and 
streaky densities in the parenchyma, mainly in 
the central parts of the lungs. 


ber, however, yeast 


2k @ 
repeatedly cultivated from® the sputum. 


» @ : , ; » 
Guinea-pig tests and cultivation for the 


purpose of demonstrating tubercle bac- 
teria from samples of sputum gave néga- 
tive results. " 

On December 4th the patient suddenly 


: ; id ; ; 
died owing to copious hemoptysis. 
e 


AUTOPSY FINDINGS 
°. 
Necropsy revealed scattered adhesions 
between the pleural surfaces on the left 


Sas we i a — & < a 
Sh . - A. fo 4 ote ~ en 
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ge 


Fic. 2. X-ray of lungs in April 1954: R@duced 
hilar lymphomas; increased induration with 
fibrosis and emphysem located centrally in 
both lungs. 


fungi were alsa 
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Fic. 3. 


X-ray of lungs in April 1956: Locat 
centrally in right upper lobe a cavity the si 
of a large walnut. 


= 
side and firm synechia on th@ right side. — 
The lungs very large, inflated, heavy. 

reminiscent Of cirrhosis of the liver, rathe: 

coarse-lobed. A large frontal section 
through botk lungs reveals in their cen- 
tral parts nearest the hilus a dense reti- 
cular fibrosis. Furthermore, there are 
ragged cavities the size of hazel-nuts 
rather symmetrically located, on, the lel’ 
side in the top part of the inferior lobe. 
on the right side basally.in the uppe' 
lobe. Centrally in the right upper lobe 
is a  blood-filled, moderately smooth: 
walled cavity® the size of a hen’s egg. In 
the peripheral parts of both lungs ma\ 
be seen an extremely dense, acinous! 
diffused, finely granulated tuberculoi 
infiltration, with here and there concen 
tration centres of more cicagrized anc 
radiate type in good agreement with th 
picture of sarcoidosis. In the trachea 
bifurcation a very firm, hyaline lymp! 
node the size of a hen’s egg. Along ti 
trachea masses of somewhat freshe 
altered nodes with a typical sarcoidoty 
appearance. Slight pulmonalis s lerosi 


but no embolisms or infarcts. 


i, gee 
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Fic. 7. Fungus hyphae on the 
surface of necrotic tissue in 
the cavern wall. v. Gieson., 


140. 


logically nor histopathologically were 
there any signs of tuberculosis; on the 
other hand, histopathological examjna- 
tion did feveal changes compatible with 
sarcoidosig, The wall of the large cavity 
showed in principle the same structure as 
a chronic cavern ona tuberculous basis. 
When discussing the occurrence Of» 
genuine caverns in cases of sarcoidosis. 
it is, of course, first of all necessary to 
@iminate the ppssibility of a coexisting 
classical tuberculosis. Whether one then 
chooses, in a cage of pure sarcoidosis, 
to refer to thick-walled cavities observed. 
as “caWtrns”’ or lung abscesses is a ques- 
ion of definition. If one defines the term 
“cavern” as a cavity pathognomonic of 
tuberculosis, it is, of course—provided 


that sarcoidosis is interpreted as a disease 


distinct from tuberculosis—not legiti- 
mate to call the cavities in question 
Caverns. If, on the other hand. one 
consicers the essential element of the 
con: “cavern” to be a cavity with a 


more or less thick. fibrous wall. then it is 


logical to refer also to the cavity observed 
in our case as a cavern. Uehlinger, for 
example, does not hesitate to designate 
the cavities observed in his three cases 
as caterns. S 

* As regards ge pathogenesis, secon- 
dary infection probably plays a decisive 
role in the origfn of sarcoid lung cavities 
(cf. Scadding 1950). It is in this connec- 
tion of interest te point out that in the 
cases described by Adamson et al. as well 
as in that observed by us there was infec- 
tion by yeast fungi, probably favoured 
by intensive antibiotic therapy. 


SUMMARY ° 
7 


|. Cavitation in a case of chronic pulmonary 


sarcoidosis is described. The macroscopic and 


MIC mpSCOPIC Structure of the cavity justifies ifs 
. 
’. Secondary infection, especially fungus intec 


designation as a cavern. 


tion, 1s advanced as a probable pathogeneti 
;, : : 
factor for the cavern formation in cases of pul- 


monary sarcoidosis. ° 
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are to be seen nearest the lumen. [To the 
wall of the cavity adhere necrotic masses 
of tissue and enormous quantities of 
fungus hyphae, matted together and 
red in PAS-stained sections. 

The large lymph node in the tracheal 
bifurcation is extremely densely studded 
with older and fresher tubercles, the 
former to a large extent transformed into 
hyaline fibrous matter, the latter with 


large giant celly of the Langhans type. 


° 
In places may beseen also large coherent 


rind-like masses of connective tissue. 


° | 
In the spleen and liver sparsely sgat- 


hic. 6. The wall ol the lare 
cavern with connective | 
sue and non-specific granp. | 
lation tissue (above ¢ 
crack), with ngrotic tiss 
below the crack). v. Gir. 
son, » 40. 


Tice & Sweany (1941), Bernstein § 
Sussman, (1945), Pruvost & Depierr 
(1946), Ustvedt (1948), Scadding (1950 
Uehlinge® (1955),eand Adamson é a. 
(1959). Autopsy findings of pulmona 
cavities with fibrous wall were described 
by Tice & Sweany (one case), Ustved: 


(one case), Uehlinger (three cases) anc 

Adamson et al. (two cases). For®the 

ediscussion of the problem here in ques 

tion the autopsy findings are of cours 

of more decisive importance than th 
» «-& ; 

clinical observation afone. 


In the case of chronic pulmonar 


tered conglomefite tubercles with giant @ sarcoidosis described by us the roent 


cells. 2 
Tubercle bacilli staining negative in 
sections from the lungs, tracheal lymph 


nodes. spleen and liver. @ 


DISCUSSION 
Roentgenological lung changes in 
cases of sarcoidosis indicating cavitation 


were reported earlier by Salvesen (1935), 
9 


genological examination had®revealed : 
large cavity located centrally in the righ 
upper lobe. To this cqrresponded the 
autopsy finding of a relatively thick- 
walled cavity with smooth walls and th 
size of a hen’s ea. The autopsy als 
revealed a couple of ragged cavities th 
size of hazel-nuts and symmetricall 
located in both lungs. Neither bacteri 
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The solitary pulmonary tumour, the 
“coin” lesion, may be defined as a 
parenchymal density which_slfows up as 
a peripheral and circumscribed lesion 
on the chest X-ray. It has presented a 
serious problem to clinicians since it may 
signify either an extremely malignant or 
a benign condition. “ 
The first solitary pulenonary tumour 
was described in 1883 by Chiari; it was 
a peripheral chondroma. Graham iptro- 
duced surgical treatment in 1925 by 
removing a circumscribed peripheral 
tuberculoma by thoracotomy. The first 
series of resected solitary pulmonary 
tumours was reported by GMf&iham & 
Singer in 1936. In 1942 Alexander de- 
iended thoracotomy as the only realistic 
method Sf correctly diagnosing a selitary 
pulfhonary tumour. 
e -\ glance at the literature shows that 
everal extenSive series have been r& 
ported, dealing with different patholo- 
sical conditions. Effler et al. 1948 dis- 
cussed the solitary lung tumours in con- 
junction with a study of 24 cases, O’Brien 
‘+48) reported on 21 cases, Hus- 
leldt , “ (1950) on 24 cases, Hood et al. 


i“) 


156 cases. Deans (953) on 


1954) on 70 


cases. Wilkins (1955) on 77 cases. and 


76 cases. Meckstroth ef ail. 


Ford et al. (1956) on 124. cases—to 
© e 

mention only the most considerable series. 
The largest series of all, and perhaps tl® 
one that has been dealt with in, greatest 
detail, comprised 215 cases reported by 
Davis et al. in 1956 following on their 
study of 40 cases in 1947. ‘They surveyed 
the entire previous material reported in 
the literature, altogether 123 cases, and 
tabulated the various lesions on a per- 
centage basis. 

During the |l-year period 1948-1958 
the CMHnic of Thoracic Surgery at the 
Helsinki 


cases of lung tumour of which 200 should 


University Hospital treated 
be referable to solitary lung tugpours. 
Surgery was «h® main method @ treat- 
ment. r 

The solitary lung tumours are com- 
paratively common, they are often 
entirely asymptomatic, being detected 
solely by chance, and have frequently 
proved malignant, in which case the 
only recourse is to remove the tumou 
surgically. We there&re considered 11 
would be of value to analyse the material 


in respect to type of tumour, malignity 


& * 


118 


REFERENCES 

Apamson, C.-A., ENRNER, L., inpstept, J. A. & 
NORDENSTAM, H.: Intrapulmonary cavities in 
chronical Acta 


pulmonary sarcoidosis. med. 


Scandinav., 1959 (in press). 

BERNSTEIN, S. S. & Sussman, M. L.: Thoracic 
manifestations of Sircoidosis. Radiology. 44: 37. 
1945. ° © 

LOFGREN, 5., SNELLMAN, @. & NORDENSTAM, H.: 
Foreign-body and sarcoidosis. 

Acta chir. Scandinav., 108: 405, 1955. 


Provost, P. & Deprerre: Forme pulmonaire de 


granulomas 


la maladie de B.B.S. avec bulles d’emphyséme. 
Bull. Soc.@néd. Hop. Pari? 62: 341, 1946. 
° 


se fe? 


Ss. LOFGREN AND A, 


Tice, F. & Sweany. H. C.: Un cas fatal de mals. 


° 
) ° 
(> H. LINDGREN 
@ 
SALVESEN, H. A.: The sarcoid of Boeck, 4 dig, 
of importance to internal medicine. {fg »,, | 
Scandinav. 862127, 1935. 
Scappiye, J. G.: Sarcoidosis, @th special referep 


to lung changes. Brit. M. 7., I: 745. j95 


die @® B.B.S. Ann. intern. Med., 15: 597, \94 


Turtar, J. & Brun, J.: La sarcoidose endothors. 


ciqu@ de B.B.S. Gaignault et Fils,*Paris, 195° 


: ; e. © : ¢ 
UEMLINGER, E.: Die pathologische Anatomie ¢, 
Morbus Boeck. Beitr. Ali®. Tub., 114: 17,1955. | 
Usrvept, H. J.: Autopsy findings in Boeck’s say. | 
cog. Tubergle, 29: 107, 1948. 
° 
| 
° 
° 
° 
° 
© ° 
° 
° 
° 
° 
° 
° 
° 
a 
e 
° 
° 


SOLITARY PULMONARY TUMOURS 1? | 


oe 


sated carcinomas, 27 adenocarcinomas 
od 2 bronchiolar carcinomas. 

Of the two cases of lymphoma one 
was classified as malignant lymphogra- 
sylomatosis. Both were round in form 


nd 3.5 » 3.5 em in size, and both were 


encountered in the left upper lobe of 


women 43 years of age. Both eases were 
discovered by chance during X-ray exa- 
»ination. One case was treated by pneu- 
mectomy, the other, lymphogranuloma- 
isis, by enucleation of the tumour. 

Che solitary bronchial adenomas were 
encountered in two women and one man. 
[wo of them had had hemoptysis—and 
‘he tumours could be verified broncho- 
sopically and histologically. Both were 
sinistral, one in the upper and one in 
the lower lobe. Thg third, asymptomatic 
adenoma, was situated in the righy lower 
lobe. 

Of the nine cases of primary sarcoma 
seven were male and two female. Four 
were in the right lower lobe, three in the 
elt lower lobe, and two in the left upper 
lobe. One of them was verified by bron- 
choscopy and one had had tuberculosis 


iour years prewiously. In one patient 


gnetastases were found in the supraclavi- 


cular glands. ° 

° 

In nine patients metastatic tumours 
were met with in the lungs in addition to 
solitary tumours. All these patients had 
earlier undergone an operation ¢ for 
cancer. In two of these cases less than 
one month had elapsed between ® the 
»peration on the primary tumour (hyper- 
1ephroma in the right kidney and para- 


fanglioma in the left suprarenal gland) 


and tl pulmonary resection. In four 
~48€S (sorcoma in right thigh, adenocar- 
‘noma of large intestine, fibrosarcoma 


* 
of mammary gland, and carcinoma of 
large intestine) the corresponding period 


until pulmonary resection or the finding 


e of metastasis varied from 2 to 2) years. 


In three patients (malignant melanoma 
in gluteal region, osteogenic sarcoma and 
carcinoma of left suprarenal gland) the 
periods were 3 to 3) yeags. Of these 
patents only one, with carcinoma of the 
suprarenal gland, in whom a segmental 
resection was doné in bot& lungs, was 
alive fourteen months after the latest 
operation and still in good condition 
Virkkula, 1959). 

Of the benign tumours 41 (20.5% 
were granulomas. Bronchial carcinomas 
and granulomas together constitute 7/7 
per cent 8f the total number. Tubercle 
bacilli had earlier been recovered from 
25 of these patients, but were now found 
in only 11. All of these have been counted 
as tuberculomas. 

Hamartoma®are generally considered 
to be rare pulmonary tumours, but in 
fact they do not appear to be so (Davis 
et al., 1956). In the Mayo Clinic series 
(Hood et al., 1953) hamartomas were as 
numerous as bronchial carcinomas, 
numbering 16 per cent of all their solitary 
pulmonary tumours. They were the 
most common type of benign solitary 
lung tumour in our material, being found 
in 7 cases. They were as a rule round, 
of not more than 3 cm in diameter, and 
all were encountered in men. [wo were 
situated in the right middle lobe, one in 
the right lower lobe, one in the left 
upper lobe, and three in the left lower 
lobe. Four of them were found®by pure 
chance during X-ray examination. 

A chronic inflammatory process sel- 


dom has the character of a distinct tu- 


in different age groups, age and sex of 


individual cases, location of the tumour 
in the lungs, symptoms and their dura- 
tion before treatment, diagnosis, opera- 
tive procedures, complications and oper- 
ative mortality, and to compare the 


findings with those of earlier authors. 


CLINJCAL MATERIAL 


Jur material comprises 200 cases of 


solitary lung tumour treated principally 
by pulmonary resection during the years 
1948-1958. The cases were carefully 
collected on the basis of X-rays in accor- 
dance with the criteria employed by 
Davis et al. in 1956-—with cert&in excep- 
tions: 

|. tumours measuring more than 6 
cm in diameter were included, especially 
if small when detected and of rapid 
growth. In 159 of the 200 cases the dia- 
meter of the tumour was 6 cm or less. 

2. ‘Tumours were considered solitary 
even if small satellite lesions were ob- 
served. 

3. In the parenchyma tRe tumours 
were surrounded by aerated lung tissue. 
Cases were also included in which the 
pleura was involved only to a minor 
extent. On the other hand tumours which 
were distinctly evident in the _hilus, 
mediastinum, diaphragm, or wall of the 
chest, were excluded. 

4. The tumour must be round or 
ovoid ¢ form. Lobulations must be 


minimal. ‘The tumour was clearly delji- 


mited from the parenchyma, even if 


extreme sharpness of outline was not 
required. 
». There should be no calcium or cavi- 


tation within the tumour. 


? => oem 
are shown in Table l. °®° 
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ABLE |. Two hundred solita; pulp 
nary tumours. 
° i 
Lesion No. of cases 1) m di) 
sas Sn — 
Malignant: 
Bronchogenic car- 
cinoma ° 114 (57 °%, 81/509 
Squamous carci- 
° 
noma 4 
L ndifferentiated 
carcinoma 35 


Adenocarcinoma 27 
Bronchiolar car- 
cinoma 2 ° 


Bronchialadenoma , 

Primary sarcoma ye 6 

Lymphoma 2 2 

Metastatic tumour Q 7 
Total 137 (68.5% QQ (69 2 

Bien: 

(;sranuloma 41 (20.5% +1 (25.8 

Hamartoma / 7 

Chronic pneumonitis } 3 

Bronchogenic cyst 6 6 

Post-infective cyst 2 ° | 

Echinococcic cyst 

Fibroma | | 

Arteriovenous 

aneurysm 

Total 63 (31.5%) 60(37.) 


: -@ , ——— 
6. Pneumonitis, atelectasis or regiona 


lymphadenopathy should be complete) 


minimal. ° 


— se. 
The number of cases with each typ 


e of lesion and the percentage of case 


with tumours less than 6 cm iD diamete! 


° 
Among our 200 patients, 90 of whor 

_ 9, _ 

were operated upon by us, 137 (06.9 
were malignant cases: 128 (64°,) wer 


primary lung neoplasms and 9 met& 
stases; 3 were bronchial adenomas © 


malignant character; there were Y case 


of primary sarcoma, 2 lymphomas ane 
114 57 “, | 


49 squamous carcinomas, 35 undifleret 


bronchogenic carcinome 


* 
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e group, the youngest being 34 years 


old. 


one undifferentiated and one squamous 


ee of them had adenocarcinoma. 


-arcinoma. [here were two other malig- 
. °o 

nant tumours in the same age group, 

alto@ether 


against eighteen benign tumours within 


making seven malignant 
‘hat age group. Davis et al. also emphasize 
the importance of this observation, while 
others state that malignand sglitary lung 
tumours are practically not at all en- 
countered below 40 years of age. Our 
material likewise shows that malignant 
solitary lung tumours at the age of 30-39 
years approach the ratio of one in 
three. The malignancy in the 40—49 and 
)0-59 age groups is substantially bigher. 
The youngest cases of malignant tumour 
were three patients aged 15, 16 and 18, 
o 
The distribution of the benign tumours 


wah metastatic lung tumours. 


by age groups*was also studied. Granulo- 
mas are most equally distributed with ® 
the largest number® 13 cases, in the 20—2) 
age group. It is noteworthy that a large 
number of the 20-29 age group—13 out 
of 17 patients—had granulomas. ‘The 
oldest patient Operated upon for a benign 
tumour 


bronchogenic cyst) was a 62- 


vear-old woman. 

The sex distribution ‘presents a cont- 
rary picture. Only 51 ®patiente (25.5 % 
were women. Bronchogenic carcinoma 
occurred in 106 men and only in 8 
women. The granuloma groug contains 
£2 yromen and 19 mer® metastatic tu- 
mours 9 women and 4 men. and chronic 
@icumonitis two of each sex. On the other 


. . 
man primary sarcomas occur more 


olten in men than in women, seven men 
“sainst two women. The hamartomas 
were in men, whereas cysts were 


IS B 
38 M 
SS atitie e 
. e @ 
268 
3B \?™ 
33M _\ 
iG. # the lobar distribution of solitars pul- 


monary tumours. Maftenant M). 137. Benien 
B). 63. ° 


more frequent in women, seven women 
against two men. The two lymphoma 
cages were also women. 

The lobar distribution was almost 
Fig. 1) with little @flerence bet- 


ween malignant and benign tumours. The 


equal 


location would not appear to affect the 
prognosis since all cases represented peri- 


pheral circumscribed tumours. 


DIAGNOSIS 


o 
[he preoperative diagnosis of solitary 


peripheral lung tumours is_ usually 
difficult. Their nature is not generally 
apparent until after thoracotomy. The 
anamnesis is seldom of help in making 
a pr&perative diagnosis and, at times, 
°o ' : ;, ; 
may even be misleading. Nor are routine 
laboratory studies of any great diagnostic 
Value. Many authorg have regarded an 
elevated sedimentation rate in_ these 
patients as of no significance; others have 
Hood et ai.. 
1953); a third group finds no clear difle- 


rénce in sedimentation rates between 


: as y 
thought it of serious import 


patients with benign and malignant 


© 
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apLe 2. Age and sex digtribution of 200 solitary pulmonary tumow)<. 
hy : e S ° 
os — ee 
S Total e Age, years 
m1 lesion cases Men Women 10-19 20-29 30-39 40-49 50-59 @, 
Malienart?: 
Bronchogenic carci- © ° 
- noma 114 LO6 6 5 3] 5 
Bronchgal adenoma 3 2 9 
Primary sarcoma 9 2 9 2 
Lymphoma Z 2 9 
° Metastatic tumou? 9 i 3 9 . 
Total 0 1 08 2 7 39 63 oy | 
Benien: 
(sranuloma +] 19 22 j 13 lO | | 
Hamartoma . / 7 | 2 ) 
Chronic pneumonitis 2 2 ° 2 2 
Bronchogenic cyst 6 : Z 
Post-infective cyst Z 2 
Echinococcic cyst | 
Y hibroma 
Arteriovenous aneu- e 
rysm 
Total 63 31 52 } 15 18 17 § 
° 
mour shadow. Four chronic pneumonites were female and one male. ‘Two patient 
were classed as benign tumours since, had postinfectious cysts, one in the lef 
despite thorough examination, — their and the other in the right upper lobe 
4 8 ° ? 
indolent character could not be estab- and one man had an echinococcic cyy 
lisifed. These patients were aged 32-43 in the right lower lobe. 
years, two being women and two men. Rarer forms of benign lung tumour 
Their symptoms were pain in the chest in were represented in our material by « 
. ~ ° ™ . ° , 
two cases and hemoptysis in two others. +4 cm fibroma in the right uppe 
Tumour cell, bronchoscopigand bacterial lobe of a 30-year-old woman and by | 
examinations were negative, as_ also 3 = 3 cm arteriovenous aneurysm in tly 
evere the histological studies following right lower lobe of a 31-year-old manw! 
*@ resection. suflered from vertigo. ‘The former rece 
Bronchogenic cysts which lack connec- vered after enucleation, the latter alte 
tion with the bronchi may fill with secre- lobectomy. ° 
tion and assume the form of a solitary The age and sex distribution in ow 
lung tumour (Tala. 1957). Six cases of material is given in Table 2. The younges 
* - 
such bronchogenic cysts occurred, three patient was aged 15 years, the eldest 0 
° in the right lower lobe, one in the left The patients suffering frgm bronchogen! 
upper lobe, and two in the left lower lobe. lung tumours were rather older than 
One case had an anomalous vein of remainder. Bronchogenic — carcinols 
=. : . - ; . ~ : ; 5 v 
pencil thickness direct from the aorta ¢ occurred in 106 men and only in 6 \ 
. s* . o i. . , | 
sequestration). Five of these patients men. Of the latter, five were in the 9Y 
° S ° 
© 
® a 
© 2 a 3) 
@ 
® © 
e S ° 


° ® 
: . : 2) 
vesent material did n®t include tumours 
j th evident caleification, three cases did 
how calcific flecks in the tumour on* 
SI 
-joser examination. “wo of these were 
~berculomas and one a chronic pneu- 
monitis. e 
(gvitation. Tumours which were cavi- 
| e 
rary when first detecied were completely 


excluded from this study. 


e °@ 
SY SIPTOMS 
In the group of bronchogenic lung 
carcinomas the tumour was discovered 
one to seven years before surgical treat- 
ment in 31 cases. In 19 cases | year had 
elapsed from the onset of symptoms or 
detection of the tumour, in 6 cases 2 
vears, in 4 cases 3 years, in | case 5 years, 
and in | case 7 years. ‘The distribution of 
symptoms by types of lesion is shown in 
Table 3. @ 
Most of our patients manifested no 


= 
symptom, but the tumour was discovered 


@ 
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hy pure chance from a compulsor® o1® 
voluntary "X-zay. In some cases the 
symptoms becarhe apparent after the 
patients were told that the X-ray had 
revealed a shadow on the lungs. Symp- 
tom-free patients numbered 52 in the 
malignant group and 34 in the benign 
group. The most common symptoms 
were® cough and fever, which occurred 
in 33 patients in the latter group. Hemo- 
ptysis was an ingportant diagnostic symp- 
tom. It was found that, of the 41 of our 
patients with hemoptysis, 30 had bron- 
chogenic carcinoma, 2 bronchial ade- 
noma and | metastatic tumour, while 
hemotysis occurred only in. 8 cases of 
benign tumours. Five of the latter were 
granulomas, 2 chronic pneumonitis and 
| post-infectious cyst. 

A symptom which may appear in a 
dramatic form is arthralgia. It is well 
known that this symptom may be asso- 
ciated with bronchogenice carcif®ma, 


and still more often with peripheral 


TasL_e 3. Symptoms associated with 200 solitary pulmonary tumours. 


S 
sii _ 
otal Asymp- Cough, Hemo- Chest = Arthri- Abdomial 
Lesion Cases tomatic Fever ptysis pain tis pain 
ae = 
Malignant: © ° 

bronchogenic carcinoma 114 40) 29 30 LO 4 2 
Bron hial adenoma 4 2 
Primary sagcoma Q 3 3 
Lymphoma 2 2 ° 
Metastatic tumour 4 b So 

Lota! 137 ° 52 43 33 12 3 Z 

Benign: @ 

Granuloma +] 23 1] 9 2 
Hamartoma 7 5 Z 

L, : « az 
“ron pneumonitis } | a . o 
Brom re*Tiie cyst ° ty 3 | 
Post. tive CVSt ° | | 3 
Echin cic cyst 

° ° 


MUS aneury STI 


0 


* 
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tumours. Among our 114 cases of lung Radiography. Since the tumour can Ff, 


carcinoma 28 had normal SR. Taking 
the magerial as a whole, however, sed 
mentation rates were generally higher 
in the malignant than in the benign 
tumour group. 

Bacteriological studies of Sputum were 
made in 4lecases of granuloma; tubercle 
bacilli were recovered from th® sputum 
of 11 cases preoperatively and had been 
found in altogether 25 of them at an 
earlier stage. The simultaneous occur- 
rence of tuberculosis and pulmonary 
carcinoma has been reported in a pre- 
vious publication (Laustela et al., 1955) 
and in one of our cases tuberculosis was 
simultaneous with bronchial adenoma 
‘Laustela, in press). Such findings may 
delay treatment. A further possibility is 
the recovery of acid-fast bacilli from 
sputum, which is erroneously taken as a 
positive finding. In such circumstances 
it would appear that bacteriofogical tests 
of sputum should not be ascribed undue 
diagnostic importance. Similar conclu- 
sions were made by Waterman in 1948 
ang by Davis et al. in 1954. 

The value of cytological examination of 
sputum has been stressed in the preopera- 
tive treatment of patients with solitary 
lung tumour (Hood ef al., 1953: Ford 
et al., 1956; Wilkins, 1955). In the present 
matefial malignant cells were found in 
the sputum of 16 patients with peripheral 
circumscribed bronchogenic carcinoma 

14%). 

Bronchoscopy may sometimes help in 
the diagnosis of these tumours, especially 
if the tumour is inthe proximity of the 
hilus. A positive histological vewification 
was obtained in 20 cases of bronchogenic 


| ; e. 
carcinoma out of 114 (17.5%), 


recognized radiographically. it “logics 
that the most elaborate atte, ipts a 
diagnosis should be @long gradiologic, 
lines. The size of the tumour is no guid 
to’ its etiology or biological activity, | 
our material, for example, or bronchp. 
genic carcinoma was 1.5 * 1.5 cm whe 
originally detected, and another wa 
2.5 * 2.5 cm. In fifteen cases the dip. 
meter was cm or less. while hifty-on 
ranged from 3 to 5 cm. The diamete 
of thirteen bronchogenic lung carcino. 
mas was 5 to 6 cm, but there were on) 
five granulomas of diameter 5—6 cm. Al 
other tumours were smaller. 

Sharpness of margin. In most cases it i: 
impossible to distinguish malignant from 
benigr® tumours on the basis of size an¢ 
margination. Nor was any clear difference 
observable in the present material, ever 
if the contours of the benign tumour 
were perhaps more definitely marked. 

Growth. A growing solitary lung tumouw 
gives reason to regard it as malignant 
especially if the growth is rapid. In thirty- 
one of the patients with bronchogen® 
lung carcinoma the period between the 
onset of symptoms or detection of the 
tumour and the start of treatment variec 
from | to 7 years. Davis et al. (1990 
have also drawn attention to the varying 
sife and growth of benign and malignant 
tumours. ° 

Calcification. Sever®l references at 
made in the literature to the fact thal 
solitary lung tumours containing radio 


graphically demonstrable calcium ar 


~~ 


benign (e.g. Fink, 1951; Abeles ef @ 
1951: Culver et al., 1950; Good é @ 
1951: Good et al., 1953: Hodgson é @ 
1953; Bavis et al.., 1936). Although th 


oO 


TT 


m\ 
has 
eu- 
ths 
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neurectomy. Another patient with rvsm. The incidténcé of the malignant tumours in 


’ 
’ 
‘ 


primal sarcoma died 1@ hospital witlpout 


being operated upon. This patient had , 
fgetastases "n the supraclavicul&r node, 
ad autopsy showed metastases in difle- 
;' —_ 
rent parts of the body. The pathological 
diagnosis in all the aforementioned cases 
was bronchogenic carcinoma (2 squa- 
*nous ecarcindma, 2» @denocarcinoma 
and 3 undefined carcinoma). Two of our 
patients died of thrombosis. four with 
symptoms of cardiac insufficiency, and 
one ot apoplexy. 

Among postoperative complications 
there wereetwo cases of pleural empy- 
ema. These responded well to aspiration 
and antibiotics. Empyema also occurred 
in one patient nine months®after dis» 
gharge, but here again the treatment was 


successful. On one patient with broncho- 


genic carcinoma postoperative hemorr- 
o 


hage necessitated a repeat thoracotomy, 
one patient de@eloped thrombosis and 


one mild wound infection. 


SUMMARY 
3° 


the study covers 200 solitary pulmonary tu- 
mours treated at the Clinic of Thoracic Surgery 
ol the Helsinki University Hospital during the 
years 1948 to 1958. Malignant types of tumour 
numbered 137 (68.5 % 


bronchial carcinomas. The 63 


. among which 114 (57 % 


31.5% 


20.5%) granulomas. 


benign 
tumours included 4] 

[he main interest centred around the bronchial 
carcinomas and granulomas. These two groups 
together accounted for 155 cases. or 77 @ of the 
total 1) mber of solita® ‘The 


malignant group included 114 cases of broncho- 


lung tumours. 


inoma, 3 bronchial adenoma, 9 primary 


sarcor - lymphoma, and 9 metastatic tumours. 
In thi nign group there were 41 grahulomas. 
han mas, 4 chronic pneumonites, 6 bron- 
NOge) ind 2 postinfectious cysts, | echino- 
7 (A ° 
| fibroma, and | “arteriovenous aneu- 

° 

7) 


different age groups was studied. They were found 
+ 

25.5 ay & of the 

entire series were women. [Lhe lobal distribution 


| ' bd S . 
@en in young patients. Only 9! 


> .* ' 
was even, without difference bet®een malignant 
and berfign types. Although most patients werg 


* 
asymptomatic, symptoms such as and 


cough 
fever, hemoptysis. echest pain, arthralgia and 
abdominal pain were ted especially fm the 
carcinoma Cases. 

It is impossilfe to distinguish with certaints 
between the malignant and benign tumours except 
by thoracotomy. Cytological CXargination of spu- 
tum admittedly led to the detection of malignant 
cells in 14 * of the cases, and positive results were 


( Ber 


investigations lacked any diagnostic significance. 


obtained with bronchos« Opy 1/.0% 

The mortality rate has been nil in cases when 
the tumour was removed by limited resection 
alter 
(one 


patient died of metastasis without operation. 


52 cases). There were eight deaths (4% 
lobectomy and pneumectomy 144 cases). 

This study fully confirms the opinion advanced 
in the literature that it is safest to perform thora- 
cotomy on any patient in whom the X-ray reveals 


a solitary non-calcihed shadow. 
° 
° ° 
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— 


tumours (Semple et al., 1959), especially 

. — ° — 

if the pleura is involved (WW eirman et ail.., 

1954). AgthTalgia was the first syraptom 

4 ts 

in three of our patients, and «all three 
S ' . . 7 + ea 

were found to have bronchogenic carci- 

sociation with 


noma. Arthralgia in 


) . 
bronchogenic carcinoma appears to havee 


a generally unfavourable prognosis (Da- 
; , eon ° 

vis et al., 1990). 

Other symptoms seem to beeless com- 


mon. gAbdominal pain was the initial 


symptom in%wo of our patients, both of 


, °° , 
whom had solitary lung carcinoma. 


TREATMENT 


Our material, consisting of 200 solitary 

6 . 
lung tumours, was treated surgically 
with the exception of one case. The types 
of operation for different types of tumour 


are shown in lable 4. 


All operations were followed by a . (4%), 4 after lobectomy and 3 afte 


TABLE 4. Operations and operative mortality: 200 solitary pulmonary tumours. 


PERASALO AND P. TALA 


* 
histological examination. Pneu:nectop 
was done on altogether 71 patients. 
whorf 60 with bronchogenic lung care. 
nomas; lobectomy off 73 patients 

« 

with *bronchogenic carcinoma; segme. 
tal resectiof® og 27 patients, l wi 
ronchogenic carcinoma;  enucleatip, 
on 22, comprising % carcin&ma, | bro. 
chifi “adenoma, 2 primary sarcoma. 
malignant lymphogranulomatosis and | 
metastatic tumour; exploration on | 
bronchogenic carcinoma and | prima : 
sarcoma; lung biopsy on | primary sar. 
coma; and supraclavicular node biop: 
on 2 bronchogenic “carcinoma and 
primary sarcoma when metastases wer 
found in the nodes 

The mortality rate with thoracofim 
plus a limited resection (52 cases) ha 
beech nil. B&t after lobectomy and pneu: 


mectomy (144 cases) there were 7 death 


© 
Lung or 
scalene 
Total Pneumon- ¢ Segmental Enuclea- Explo- node 
Lesion cases ectomy Lobectomy resection tion ration’ biopsy Deh: 
. aes 
S 
Malignant: © 
Bronchogenie carcinoma 114 60 45 | 4 | 3 / 
Bronchial adenoma 4 ad ° ° ° 
Primary sarcoma 9 3 2 2 
Lymphoma 2 © 
Metastatic tumour Gf 2 3 2 
Benign 
(sranuloma 4] i4 @ 20 ° 6 
Hamartoma ] |@ | 4 
Chronic pneumonitis 4 3 ee 
Bronchogenic cyst 6 3 The 
Post-intective cyst | | 
kK hinococcic cyst 2 | 
bibroma | 
Arteriovgnous aneurysm 
Total =e) 73 27 22 2 | 
° to ee 
“ One no®operated. 
° 
7 ° 
Ss 


| 
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°o 
With very few exceptions authors of 
articles and book# dealing with pulmo- 
nary carcinoma have not considered the 
co-existence of malignancy and _ pul- 
monary tuberculosis. On closely examin- 
ing the literature it is sgen that the 
thought of such association receive@ at- 
tention already in the middle of the 
last century and later in several publica- 
tions, particularly during the last ten 
years. It was early maintained that the 
cancer process might originate from the 
pathologically changed tissue due to the 
tuberculous process. 

The present author in 1454 presented 
eight c&ses of primary pulmonary carci- 
noma which might have originated on 
the basis of a tuberculous process, and 
in 1957 published a summary of *the 
pertinent results on the same material 
now being reported upon. This materia 
consists in all of ethe patients with 
primary pulmonary carcinoma admated 
to the author’s wards at St. G@éran 
Hospital during the years 1944 to 1956. 
The total admission was approx. £000 
adult males and 4500 adult demales 
among whom there w@re 69 male and 31 
female 


cases of primary pulmonary 


13%). The 


surprisingly large percentaSe of female 


carcinoma (incidence ol 
° 

cancer cases, 31°, might be attributed 
to certain factors in the composition of 
the material. The incidence of malig- 
nancy was 0.9%, for females, 3.5% for 
males and 7.5%, for males over 40 years 
of age. ° 

The cases are divided into four groups 
and are presented in two tables. ‘Table | 


contains group III which consists of 34 


gases of definite pulmonary tuberculosis 


with the carcinoma having developed 
within or in the immediate vicinity of 
con- 


table 


the tuberculous process. ‘Table 2 
sists of groups II, I and O (cf. 


headings). ‘The 0 group cases gave no 


history or clinical finding indicating 


o * 
tuberculosis (though most of the cases 


Were tuberculin positive). The average 
age for the males was 56 and for females 
52a No appreciable difference could be 
shown in the distribution or average 
eee os 
ages of the female cases within the four 
groups. 
7 ° : . 

The histological diagnoses were gper- 
formed in 87 cases and are designated 
in the tables as Paes squamous cell 
cell ca®cinoma, 


° 7 éé | 
carcinoma, ‘Oa oat 
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appears to be a histological difference. for the 14 cases Who smoked insigni- 
Frem the data available (58 cases) it ficantly or not at all (cf. ref. 14). 
. has been found that 44 patients were In column 6 of the tables the clinical, 
heavy or “moderate” smokers (parti- particularly the radiological, findings 
= cularly in regard to cigarettes® Among of tuberculosis processes are recorded. 
these patierfs the distribution within ® e Parentheses indicate that the diagnosis 
the three histological types mentioned of tuberculosis was made in the past 
; 5 y] 
was Sq: 61.4%, Oa: 20.5% and Ad: with no record of the intervening period 
, 18.2°@ respectively, as compared to e (possibly negative finding).In column / 
»- . : ie _s 7 gunn . . 
i 28.6%, and 35.7% respectively lable 1) the parentheses indicate that 
. } 
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Tasie |. (grqup III). Fully pronounced pulmonary tuberculosis, locally connected 
to carcinoma. ® 
Case numbers in bold@ype are cases illustrated in the text. ~ 
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and other undifferentiated forms, and 
““Ad” =adenocarcinoma and _e6 related 
types, including 3 or 4 cases with mixed 
lorms (but none of semi-malignant type). 
From the cases with a_ histological 
diagnosis, the distribution and the male- 
female comparison were fourgd to be as 
follows: “Sq 92.9 % of the 87 cases) 
comprising 67.3 % of the mal@ cases. but 
only 24.1%, of the females; ‘“‘Oa” 


24.1%) consisting of 17.3 °% of the males 


and 37.9 ®% of the females: ‘“‘Ad” (22.9 % 


comprising 15.5% 


the males and 


37.9% of the females. If the 47 clinical 
tul¥erculosis-positive @ases @groups III 
and II) are compared with the rergain- 
ing 40 caseS in which tuberculosis was 
slight or not diagnosed, there was found 
practically the same distribution of the 
three histological types of malignancy, 


However, if the smoking habits of the 


cases are compared in this series, (ere 
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Fic. 2. Case 17 (m)@b. 1899. Following an acute L. pleurisy, X-ray showed in 1946 (Fig. 11a), 
in addition to the pleural remainders, light central and apical chronic t.b. process. The films remained 
unchanged 40 and incl. 1950. However, in 1947 t.b.-spondylitis (L5-S1) was diagnosed, operated in 
1948, subsequently healed. 1951 hemoptysis, now considerably increaseg processes with cavities 
bilaterally. Progress (Fig. 116.) Thereafter a general regression (periodic chemotherapy treatment 

From November 1954 impairment, with strong induration apically L. (Fig. Ile). TBsteadily pos. 
1951-1954. Died in January 1955 after an extensive hemoptysis. Autopsy showed large chroni® t.b. 
cavity in apex of L. upper lobe, almost entirely filled by a tumour, originating from the upper wall 
of the cavity. The surrounding area showed chronic t.b. lesions. Apically to the R. similar t.b. 
processes (small cavity). No malignancy beyond the primary tumour (very low differentiatich 


of indefinable type). 
° 


° 
r.A. 
dy 
i434 
GC. 


ric. 3. Case 1 (m), b. 1888. In 1933, following hemoptysis, bilateralepulmonary tuberculosis was diag- 
no Varying spreading, particularly with a large cavity-formation in the L., apex big. la 
Vi good regression (Fig. 1b). Coughing in 1954 with the appearance of a large tumour shadow tn 
®, ximately the same area as the cavity in 1933 (Fig. le). Histolog. *squamous cell carcinoma. 


° 
° 


i ae 


bacilli were not registered during the 


two the 


malignancy. In practically all of the 


years prior to 


remaining@cases the positive finding ole 


bacilli has been confirmed by guinea pig 
tests and/or culture. ‘The post mortem 
column contains only the findings per- 
taining to tuberculosis. “‘O” indicates 
lack of positive information in the re- 
cords or that tuberculosis was directly 
stated not to be present. 

In the following, twelve cases from group 
[11 are presented, showing more or less 


marked relation between tumor and t. b. 


a. «6 


ric. |. 


apically 


cee 5 (mm). bh. 


and perihilary, chiefly on the L. 


showed wide-spread acute progress in the L. 


hig. 3d), 


regression with chemotherapy 


‘_ 
hig. J: Autops) 


diagnosis of 


l8e@. Coughing since 1935. An 
lower 


in December revealed dispersed cancer squamous, somewhat horny 
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cavity, as well as diflerent types o! 
or healed tuberculosis. In the first ty, 
cases (Nos. 5 and 17 in Table | 
l and 2) 
%rom %& 


*v@rified post mortem. In the following 


Figs. 
the origin of the carcinoms 
tuberculous cavity was clearh 
four cases (Figs. 3, 4, 5. 62 a similar 
pathogenesis seems quite acceptable and 
° 
probably also as to the cases |4gand | 
e(Figs. 7 and &. Th® remaining four cases 
gre chiefly brought toeshow the coinci- 


dence of active, progressive tuberculosis 


and carcinoma. 


X-ray in 1950 revealed chronic tb. 
side. In 1955 coughing and fever; X-ray (Fig. 5a) now 
lobe with some cavitation. TB pos. (,00d 


later on followed by deterioration with large cavitation 


in left lower 


lobe, emanating from the cavity in the wall of which some light t.b. changes could be p ticed. 


Some healed t.b. in both apices. 


v 
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Fic. 6. Case 11 (m), b. 1909. Qlemoptysis 1949. X-ray showed slight chronic apical changes and a slight 
density with some suspicion of cavity formation subapically-laterally on the R. side. Spontaneous 
relative regression. 1950 large hemopwsis and now (Fig. 6a) the process appeared much more clearly with 
two definite cavities. —B repeatedly pos. Practically full regression by chemotherapy, but in 195] 
cavity again seen. Again good regression (Fig. 66). 1952 operation (polystan plombage). Subg- quently 
satisfactory X-ray and good condition in every respect (Fig. 6c) up to 1954, when multiple pains 
began. X-ray unchanged. Autopsy 1954 showed a localized tumour ghe size of a hen’s egg (low 
differentiation, proxim&tely adenocarcinoma emanating from the area of the right upper lobe bronchus 


with metastases extrapulmonarily), and minimal, healed t.b. 


ee Sa 


C.8& 


? 


hic ‘@se 14 (f), b. 1905. Hemoptysis 195g. ‘Tb. in fhe apex of the L. l@wer lobe (Fig. 8a). On 
PE es ims a small, thig spot could also be traced —- ally R.eAfter chemotherapy resection of 
rr | a 
mt omer lobe ajgex hisBl. ty fic alt.b.). 1955 care moma of the R. breast was di: ugnose ‘d and im- 
| ° 


ly operated upon. Now a definite infiltration subapic.°R. was seen. Progress (Fig. 8c). Seg- 
resecti@ within the R. upper®lobe. Well-retricted tumour, histol. proximately @rimary 
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e 
Fic. 4. Case 3 (m). b. 1897. In 1938 chronic bilateral apical t.b. was discovered, chiefly on the right 
side (Fig. 2a). In 1943 some progress with suspected cavity in the R. apex (Fig. 2%). From 1944 Progress 
within the R. lower lobe increased (Fig. 2c). At autopsy in August 1946 bilateral fibrous t.b. was 
discovered perihilary and in the upper lobes, mostly on the R. side. The entire R. lower lobe was 


filled wth pneumonic growing cancer (histol. adenocarcinoma). ° 


77 
-- : 


a. 


hic. 9. Case 10 (f), b. 1889. 1934 dispersed R.-sided t.b. with cavity (Fig. 5a).6B pos. Thoracoplasty 
Subsequently, symptom-free and roentgenologically healed. (1941 positive finding of bacilli once 
but otherwise no Signs of impairment.) 1948, pains and increased SR. X-ray uffhanged 1936 
tl (Fig. 56). General impairment. X-ray picture still unchanged. Autopsy in June 1949 showed R. 
® Jung almost entirely invaded by cancer (oat cell carc.). Macroscopical no tuberculosis, but mucro- 


scopically t.b. changes in small areas®f R. lung. 
a. : 


alveolar cell cancer: quite different from the breast carcinoma. After one year general impairment. 
Autopsy in February 1958 showed dispersed metastasis olathe. breast carcinoma, inter glia @vthe L. 
lung. Malignancy evs also found in the R. hilar and adjacent area but here the cell type was the 


same as the primary pulmonary carcinoma. “‘No t.b.-process”’. 


* . . + S 
[n this connection it might be mentioned that the series contained ahother two cases, femat@s. 0 
multiple carcinoma of different histology. %e e 
anges a 
° e e ® 
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Fic. 10. Case 16 (m), b. 1898. 1955 (Fig. 10a) agute, highly dispersed, bilateral t.b. processes with 
VSS a — . : : 
) ‘ cavities. TB pos. Almost full regression after chemotherapy but subsequently a central induration ap- 
TUS es , 
peared on the left (Fig. 106). Bronchograph. tumour around anterior branch of L. upper lobe bronch. 
JOS | , or , 
¥ Lobectomy. Histol. moderately differentiated. somewhat horny, squamous cell cancer. (,0@| health 
tr . — . . . . . “a 
, for at least four months. In February 1957 an induration appeared apically within the remaining L. 
ica . | Si 
| lower lobe, which quickly spread (Fig. 10c) and now lesions also appeared in the R. lung. TB pos. 
; Autopsy in March showed t.b. processes of generally a highly acute type, mainly within the upper part ° 
. of the L. lower lobe. No cancer, 
° 
e 
¥ 
ut ” ia Cc 
dS. 
° 
10- a . Case 12 (f), b. 1902. 1949 minimal bilateral apical changes, mostly on the R. side, some- 
m- what increased in 1951 (Fig. 7a). 1952 progress apically-medically R. with cavity-formation (Fig. 7+ 
In 1B Rapid deterioration (Fig. 7c). Autopsy in February 1953 showed cavernous t.b. in the R. © 
obe (with atelectases of t.b. origin) together with polymorphous squamous cell carcinoma. 
° ° ° fe} 
3 ° A 
* 
O .@) ° ° 
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Fic. 8 Case 15 (m), b. 1886. On X-ray 1945, a somewhat indurated R. hilus with an interlobar brid 


and minimal disseminated spots bilaterally (Fig. 9a). 


Unchanged to and incl. 1949. Slight hemoptysis 
1950. Cavity centrally R. (Fig. 9d). 


Bronchoscopically scarious constriction of the R. upper bronchus 


together with some indefinable acute swelling (middle and lower lobe bronchis normal). TB pos. 


Continued progress. Autopsy in January 1951 showed dispersed, highly gangrenous cancer (oat-cell 
in R. lower lobe with destruction of the lower lobe bronchus. Indurated t.b. lesions within the apical 


arcas, 
3° 


- 
. jf? 


Fic. 9. Case 7 (m). b. 1895. Left pleurisy in L916, hemopt. 1920. Slight ap al t.b. bilat. After acut 
cold” infection 1952 X-ray showed (Fig. 4a) increased apical process, some atelectasy R. TB pos. 
Bronchoscop. only some stenosis of indefinite origin within one branch of R.u.l. br. After chemo- 
therapy good regression of the R. ap. density, but later marked advancement (Fig. 46). Brs: 


° . . . « 4 
siderably increased. tumour-like STCTLOSIS. Histol. squamous cell Care. 


con- 
Pulmectomy. Autopsy 0 
March 1953 reported greatly dispersed chronic t.b@within remaining left lung. 
° 


ed nee 


PULMONARY CARCINOMA AND TUBERCULOSIS 


acco ng to the path®logical-anato- 


mica! diagnosis). Ina Swedish investiga- 


ion by Kallqvist (13) 


malignancy 


the incidence of 


pulmonary detected was 
definitely less than the values presented 
here. [his is partially explained by the 


fact that more cases of pulmonary 


disease of non-tubercular origin were 
admitted to St. Goérans Hospital. How- 
ever, in calculating the frequency olf 
cancer-tuberculosis from Kallqvist’s ta- 
bles. it will be found that among Kall- 
qvist’s Primary ulmonary cancer cases 
298 or 34 cases) a combination existed 
with tuberculosis in |1 (12) cases. This 
corresponds to an incidence of 39.2 % or 
35.3%. and is in good*agreement with 
34%. 
Drymalsky & Sweany (7), found that 


the present author's figure of 


in 57 autopsy cases of bronchogenic 


carcinoma 15 cases (26%) had tuber- 
culosis with bacilli being found some- 
time during their lifetime. Of these 15 
cases, 8 showed pulmonary tuberculosis® 
post mortem (five active and three latent 
lesions) and in not less than 7 tuberculosis 
findings @at autopsy were reported as 
negative. Attinger (1) found among 758 
post mortem examinations of presumable 
pulmonary tuberculosis 89 cases. of 
cancer of the lung of which in 12 cases 


14%) 


tuberculosis. In seven of fhese 12 cases 


there was conjunction with 
the cancer had clearly or€ginated in 
tuberculous tissue. Seyfarth (14), ig a 
similar 323 


cases of pulmonary malignancy, of which 


series of cases. found 25 
seven cases 928%) weregassociated with 
tuberculosis. In another series of 1103 
autopsiede pulmonafy malignancy cases 
Seylarth stated combination with tuber- 


Pulosis in 11.4%. 


Sprovieri et al, (20 


» Is 


analyzed 100 cases of pulmonary carci- 
nar" 
noma and found a certain association 
° 
with pulmonary tuberculosis in 17 °, and 
a probable association in a further 32 & . 
Five papers from the 1930's and 1940's 
a 
10%. 


rep rts 


indicate t.b. incidences of 5 


whereas in five more recent 


: . : , . ° 
frequency figures for the combination 


, oe 
of tubergulosis and pulmonary cancer of 
‘about 20°, are given. ° 

Finke 


mortem cases of primary pulmonary 


8) has analyzed 159 post 
carcinoma patho-anatomically as_ well 


as anamnesically. Chronic bronchial 
deseases were reported in at least one 
third of all the cases, but if only the cases 
with a detailed clinical history were 
regarded, three quarters presented chro- 
nic bronchial disease. Pulmonary tuber- 
culosis had been diagnosed in 12 cases 
(7.5%). Oudet and Roegel (17) have 
recently reported on*23 cases of bronchial 
malignancy together with tuberculosis, 
of which there was in 16 cases a close 
local relationship, while in another 3 
cases a lesser intimacy was found. Only 
in four cases could no local relationship 
be detected. Murasawa & Altmann (15) 
have published a detailed paper on 570 
autopsies with pulmonary disease. ‘They 
reported 39 cases of primary pulmonary 
carcinoma of which 14 cases showed a 
close relationship between garcinoma 
and active tuberculosis, 10 cases showed 
pulmonary tuberculosis without local 
relationship, and in 15 cases *‘no tuber- 
culosis’’ had been recorded® (2 cases in 
the last group, however, had _ been 
bacilli-positive duringe their lifetime). 


The frequency in this series of cle rela- 


; , : ae OR © . —_— . 
etonship was 35.9%, (compared to the ¢ 


present author’s 34%). The co-existence 
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gic. 12. Case 20 (m), b. 1885. 1932 light indura@on medially in L. apex with elevation of hilus (Fig. 


l2a, more clearly seen in 1951). 1956 acute fever and X-ray (Fig. 126) now showed markedly active 


tuberculosis process in upper lobe. TB pos. Autopsy showed walnut size ®%tumour in L 


bronchus 


fluent t.b. processes, partly of acute type. 
° 
» RESULTS AND DISCUSSION 
° ° 

° 
In 5% of the 100 cases of pulmonary 
malignancy definite tuberculoSis pro- 
cesses were diagnosed clinically and/or 
at autopsy, of which carcinoma in 34 cases 
had developed in the same area as the 
ptilmonary tuberculosis, with 23 of these 
being recorded as positive as to finding 
of bacilli. Of the 23, 16 were positive for 
bacill during the last 1-2 years. In 
19 of the 28 autopsy cases in group ITT, 
a closer analysis had show that the 
malignancy probably ori@inated from 
tuberculous tissue. (A similar origin 
was likely in many, perhaps nfost, of 
the remaining cases Within this group. ) 
Within the 34 cases in group III, there 
were five cases with negative report at 
autopsy in respect of tuberculosis; ho- 
wever, the development of the tumour 


had been roentgenologically locally cor- 


related to an evident tuberculous pro- 


four of these five cases the 


. upper lobe 


histol. typical oat cell carcinoma) and within upper lobe macro- and microscopically con- 


clipical finding of TB had been posi- 
tive). In a few papers on this subject 
.° ° tee 
it has been pointed ov& that the carci- 
noma may, more or less_ entirely. 
this 


phenomenon is probably most common 


destroye tuberculous tissue, and 
in such cases where the tuberculosis has 
spread only slightly. (The possibility of 
the malignancy developing on the basis 
of a small process is hardly much less 
than in the case of more extensive le- 
sions.) With regard to the cases in Table 
2 it is, for the reason just mentioned, 
as well as on other grounds, by no means 
out of the question that more tuberculosis 
and closer local gonnection may have 
existed thangit has b@en, possible to find. 

TRe majority of similar investigations 
from more extensive material originate 
from pathology-anatomy _ institutions, 
and in some papers the size and the 
coynposition of the entire clinical mate 
(however, the cancel 


rial is indicated 


cases only seem to have been recorded 
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Formes cliniques 
l'association entre le 
cancer bronchique et la tuberculose pul- 
monaire. Li poumon et le ceur, 14: BOO, 1958. 
ScHuwartz, Pu.: (4%) Bronchialwandschadig- 


ungen durch tuberkulése Lymphknoten 
und ihre Beziehungen zu primaren Bron- 
chialtumoret?. Beitr. Klin. fub., 103: 192, 
1950. (b) Tuberculose brone hiquegt carci- 
nome bronchique. Ann. de Med., 57: 533, 
1956. 

ber das gleichzeitige Vor- 
Krebs TBC ins der 


Lunge. Acta Davosiana, 11: 20, 1952. 


SEYFARTH. K.: 


@®kommen vom und 


SPROVIERI ef al.: Tumor bronchial e tuber- 
culose pulmonale associati. G. ital. tube 
1956: 298. 

TourAINne, ®. G.: 


Os | | 
broncho-pulmonaires développés au niveau 


\ propos Pies cancer;rs 


de calcifications ct de cicatrices. Le poumon 
et le ceur, 14: 881, 1958. F 
; ° 
\WWESTERGREN., A.: gym samband mellan can- 
cer och tuberkulos 1 lungorna. .Vord. Med.. 
53: 481, 1955, and 58: 1971, 1957. 
Wirrekinp, D. & Srreuper.®.: Beitrag zur 
Bronchialkarzinomes. 
Frankfurter Ctschr. f. Pathol.,64:294 and 405, 
1953. 


Wooprurr. C. E. 


Histogenese des 


e 
et al.: (a) Pulmonary tuber- 


culosis, bronchiectasis and calcifications 
as rel@ted to bronchogenic carcinoma, Am. 


Rev. Tug., 64: 620, 1951. (6) 


relationships between, bron hogenic carci- 


Anatomu 


noma and calcified nodules in the lung. 


Am. Rev. Tub... 66: 151. 1952. 
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of lung cancer and pulmonary tubercu- 
lgsis was 61.5%, which corresponds to 
‘ the figure of 54% of the present series. 
the 
histological diagnoses as Sq. in 53.8%, 
Oa in 33.3% and Ad in 12.8% 


were also unable to discover a cell tybe 


Murasawa e&& Altmann reported 


and 


predilection to tuberculosis. They reject 
a genetic relationship between tubercu- 
losis and cancer and consider the co- 
existence to be explainable from a purely 
statistical point of view. 

The great majority of investigators in 
this field more or less definitely associate 
the etiology of cancer being favoured dy 
the tuberculosis process. In afldition to 
the above-mentioned papers only a few 
(3, 4, 10, 11, 21) may be mentioned 
from theemany pathological-anatomical 
studies. Schwartz (18) as well as Wood- 
ruff (24), from different points of #iew, 
have shown that the origin of the cancer 
process can frequently be proved in 
older, often calcified pulmonary foci og 

*racheo-bronchial lymph-nodes. Investi- 

gations dealing with the general malig- 

nancy relationship to infectious pro- 

cesses etc. (e.g. 2, 5, 9, 12, 16, 23) may , 
@iso be brought to mind. 

Finally it may be mentioned that 

A some authors in this field, like myself, 

have pogtulated that the increased fre- 

quency of pulmonary cancer might, to 

a certain extent, be @xplained by the 

simultaneously increased tuberculosis fre- 


quency among the older age group.® 


SUMMARY 


Among 100 cases of primary pulmonary car- 
@noma, discovered within a chest clinic gnaterial, 
fully pronounced tuberculosis lesions with local 
relatiof&hip to the tum@ were found in 34 cases 
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demonstrable intimate relati®nship in 8) cac. 


In 23 of the 34 cases tubercle bacili had _— 
reported, of which in 16 at the time of t! malig. 
nancy. More detailed presentation, including 

~ 


X-ray pictures, is giv@n for 12 cases Bf differen 
types. Twenty other cases showed Pulimonar 
tuberculosis without any noticed local relationshi 
to the carcinoma, and in another 24 cases nh 
minimal tuberculous lesions were found. 
Evident tuberculosis processes have thus ber 


rece rded 


clinically and/or patho-anatomicalh 


in 94%, with local relationship in 34% of th 
100 cases. Incidences of approximately the samy 
magnitude were obtained when analyzing som 
of the more extensive investigations of the law 
decade. On account of the literature and th 
present Peport it seems to be beyond doubt thar 
local tissue abnormalities, particularly those of a 
tuberculous origin, constitute an important factor 
in the genesis of pulmonary cagcinoma. 

If it had been possible to make further analyses, 
more tuberculosis and a closer relationship would 
most probably have been demonstrable. Atten- 
tion must be paid to the fact that negative post 
mortem findings p@gtaining to tuberculosis are 
by no means decisive as the tuberculous tissue is 
in many Cases destroyed and more or less elimi- 
nated during the development of the carcinoma. 

In 87 cases histological type and in 58 also 
relationship, to smoking habits is reported. The 
frequency of squamous cell carcinoma agnong the 
smokers was 61.4% and gamong non-smokers 
3.4 %. 

° 
° 


REFERENCES 

1. Arrincer, E.: Uber die Kombination von 

Lungenkarzinom mit Lungentuberkulose. 
Onkologia, 3: 140, 1950. 

2. Bao, J., 

Snonary carcinoma. Cancer, 9: 918, ¢ 995. 

& Suaprro, J. L.: Correlation 


of chronic pulmonary inflammation and 


et al® Pulmonary infarcts and pul- 
3. Brager, J. L. 


alveolar cell carcinoma with regard to 4 
possible etiologic relationship. Am. /. Med.. 
21: 879, 1956. 

4, Buscn, W.:Weitrage zur Genese der Narben- 
krebse der Lungen; systematische ' nter 
suchungen an 190 Lungennarben. Vireh. 


Arch. pathol. Anat. u. Physiol., 329 Q | @) 9 
° 
oe 


a ee 


a ee — ~* oa — ee —s = ce 


| 


ie) TRAUMATIC BRONCHIAI 


° ° 
long time after the injury occurred. 
Kirkpatrick (1950) performed pulmec- 
romy immediately after the injury. 
Sanger (1945) succeeded in repairing, 


with good results, two cases of bronchial 
. 

rupture due to gunshot injuries in World 

War II. Griffith (1949) reported the 


frst successful treatment of a case of 


partial rupture of the bronchus with 


e®ondary stenosis, that was not due 


to penetrating trauma, by restoration of 


the bronchial continuity. Weisel and Jake 


1953) reanastothosed a con%plete bron- 


chial rupture. ‘To date 37 cases of bron-® 


chial repair have been reported (Tyson, 
Watson & Sibley, 1958). Most of these 
were operated upon months or years 
after the injury. However, it is stressed 
Sanger, 1945; Richards & Cohn, 1955: 
1955: 


that repair should if possible be 


Sheehy & Hopeman, Samson, 
1956 
made immediately after the injury. In 
Scaudinavian literature two cases oper- 
ated upon by Crafoord have been ré@ 
ported Norlin (1955) 


Pas —- 
Perdasalo (1956). 


by and one by 


° CLINICS ° 
e 


°. ; , 

A bronchial rupturg is mostly combi- 
| yh. aaa @ 
ned with other serious injuri&. Massive 


bleeding, shock and multiple thoracic 


e lractures then often dominat@ ghe clingcal 


picture and the bronchial rupture 1s 
o “ 

easily overlooked. The bronchial rupture 

presents two main findings, yiz. pneu- 

mothorax and sfibcutgneous air emphy- 


sem 
° | | | | 
‘Morax 1s persistent despite repeated aspl- 


.. It is characteristic that a pneumo- 


rations Paulson. L956 Fowler. 1955: 
| e ° a eee? 
Ellis Andersson & Hayles, 1955: Biicher! 
a . aga es ° 
A, ch, 1957). In the cases where the 
° 
* 
° ° 
® 


RUPTURE ® ° 

°e 

. ‘ . ° ‘ . 
rupture is located within the mediastinum 
a pronounced subcutaneous air emphy- 
sema is usually the most apparent sign. 
Bronchoscopy and bronchography, if 
the rupture possibility is kept in mind, 
make the diagnosis quite*simple. e 
If the the 


injuries, the course of the case depends 


patient survives acute 
to a great extent @n whether the bronchial 
rupture is partial or total (lyson & Lyle, 
1942; Holinger, Zoss & Johnston, 1948: 
Deloyers, Dumont, Duprez, Durieu. 
Dedercq & Rheinhold, 1949; Samson, 
1955; Mahaffey, Creech, Boren & D@ 
Bakey, 1956; Liaras, 1956; Santy, Lagéze 
& Latarjet, 1957). A partial rupture re- 
sults as a rule fa bronchial stenosis with 
secretory stagnation and secondary in- 
fection which usually, more or less, 
the In 


the 


parenchyma. 
total 


lung will collaps¢. The bronchi become 


lung 
the 


destroys 
cases where rupture 1s 
filled with a gluey secretion from the 
muqpus glands (Santy, Berard, Bochet & 
Fraisse, 1945; 1950; Weisel & 
Jake, 1953; Hazen & Kin- 


8 ‘ ® 
near, 1954; Suavage, 1954: Krauss, 


Priest. 


Dalgleish, 


1955), but infection does not, as a rule, 
develop and the pulmonary tssue 1s nol 
deswoyed (Holinggr, Zoss & Johnston, 
1948). A lung that has collapsed in this 
manner may after suction of the bronchi 
and repair of thf bronchial rupture again 
expand and resume its normal ventilation 
Sam- 
fifteen years after the injury; 
Mahafley, Creech, Boren & De Bakey, 
1956 


even many years after the injury 


SOT. 1956 


eleven years after the injury). The 


eclinical difference in prognosis between 


par@al and total bronchial rupture, e 


agrees well with experimental inveetiga- 


Tannefiberg & Pinner, 1942: 


tions 
° - 


yo 
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Traumatic Bronchial Rupture 
e e ; 
° 
- H. B. Wuirr, A. Mato, L. SvANBER@ and A. WENCKERT 
° ° 
e 
° @ ss 
One of the emergencies of greatest clini- compression of the thorax, Le. 

cal importance found in severe trauma run-over, compressed behind @ steering 
: of the thorax is a rupture of the intra- wheel or some heavy object. Sometimes 
thoracic trachea or any of the main a fall from a considerable height may 
; bronchi. ° be the cause. A most likely explanation 
It is comparatively rare that such an of the rupture is when there is simul. 
emergence ig diagnosed in vivo; it is taneously a closed glottis with suddenly 
usually a post-mortem finding, often incigased intrathoracic pressure (Schén- 
with other serious injuries. Up to date berg, 1912; Thompson & Eaton, 1955), 
between 70 and 80°%cases have been re- The first to report that a bronchial 
ported (Krinitzki, 1928; Hasche, 1953; rupture was not ngcessarily incompatible 
Mahatley, Creech, Boren & De Bakey, with life was Krinitzki (1928). He found, 
1956; Tyson, Watson & Sibley, 1958). on sectioning the lungs of a ¢l-year-old 
With the increasing rate and severity of woman, that one lung was completely 
traffic accidents, this emergency will, atelectatic due to the rupture of a main 
most likely, occur more frequently in. the bronchus which was Clinically undiag- 
future. - ° nosed for 20 years following an accident. 

As a rule one of the main bronchi Jones & Vinson (1939) were the firste 
ruptures |—2 cm distal to the carina. This to establish® the diagnosis clinically. 
is possyybly due to the anatomy of the With the possibility of establishing the 
regi@n, since the rupture usually occurs diagnosis clinically, the problem of its 
at the junction of the fixed and mobile therapy became a reality. At first dil- 
parts of the respiratory tract. ferent palliative methods were attemp- 
As an analogical examplg may be ted, such as plugging off the involved 
mentioned a rupture of the aorta root bronchus gUlertf, 1940: Léffler & Nager, 

e e and of the influx points of the venae 1941) or pneumothorax (Tyson & Lyles 
en cagae in the right heart in severe thoracic @ 1942), but later pulmect&my became the 
‘ trauma. . method of choise (Kinsella & Johnsrud, 
The rupture of the bronchus is most 1947; Holinger, Zoss & Johnston, | 940). 
: serene due to a sudden massive As a rule, pulmectomy® veas performed a 
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Fic. 1. Lung roentgenogram about 2 months after 
chest injury. Repeated attempts to arrest 
pneumonthorax without effect. Marked shift- 
ing of the mediastinum to the right. 


On arrival there his general, condition was 
somewhat, poor and he had lost a great deal of 
weight. Even at gst he had moderate cyanosis 
of the lips. This was more marked with moderate 
physical effort, such as rising from a lying position. 
, this was accompanied by marked dysjgnoea. 
Chest X-ray showed a collapsed right lung with 
the mediastinum markedly pulled over to the 


ig. | ’ 


right 
Bronchography: The contrast media suadenly 
stopped | cm from the carina in the right main 
bronchus (see Fig. 2 
Bron hoscopy: At the level of the carina the right 
main bronchus was filled with a comparatively 
rm tissue which gave the impression of being 
organized connecting tissue. Excision of it 
caused minimal b@eding and demonstrated a 
men which hinally widened to the width of a 
Knitting needle. The bronchus was not air-carry- 
ng On coughing there was no appearance ol 
here was found, however, a shiny 
coagulated under the organized 
A. Thulin 


performed in a lying position owing 


rriassS 
ling tissue 


ery 


general condition total lung capacity 


as reduc ed to aboujghallt ol the ¢ stimated 


BRONCHIAL RUPTURE 145 


® injury. 


he other partial volumes, vital 
Capat ity VQ), residual 
FRC), and residual volume (R\ 


in relative proportion. 


normal value. 


functional capacity 

were reduc ed 
;, v. 

lhe eftlectiveness of the 

ventilation, judged from the wash-out of nitro- 
, ._® ' 

Ben gas during oxygen breathing, was practically 

normal. Lune clearance index without remark. 


Owing to the poor general condition of the pa- 


tient, maximal breathing capacity (MBC), 
and maximal expiratory volume (ME\ wer 
not determined see table | Svanbere 


H. BW. 


end-to-end anastomsis of the bronchial stumps. The 


19 September, 1956 [ horacotomy 

right lung was totally collapsed. The pleura cavity 
was filled with a slightly haemorrhagic exudate, 
partly liquid, partly gelatinous. [he lung was 
freed and the lung hilus dissected. A complet 
tear of the right main bronchus was found just 
under the left azygos vein. The vein was divi- 
ded and the ruptured broncheal stumps freed 
from the interposing fibrous tigsue, due to orga- 
nized blood. Fairly large amounts of a gelatinous 
clear material was suctioned from the bronchus 
of ‘the collapsed lung. After complete sucti@n ol 
the material, pure oxygen was blown into the 
lung through a rubber tube placed in the bronchus 
and the lting re-expanded rather easily. The bron- 
chial ends were trimmed and joined together by 
a row of tsolated sutures with atraumatic catgut 


No. 000. The row of sutures was covered with 


Bronchography abow Z months alter 
\brupt Stop of the media in the ment 


a 


Trialitl brome hus ( TT} irom CADihg 
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Loosli, Adams & Thornton, 1949). These 
authors could show in animal experig 
ments that a complete closure of a 
bronchus will result in a totally atelec- 
tatic lung, but that this will not be in- 
fected or destroyed and that the alveolar 
epithelium does not undergo any mor- 
phologic changg Contrary to this, a 
partial closure of a bronchus will result 
in infection and destruction of the lung 
tissue distally to the stenosis. 

It is. of course, of great inter®st todgind 
to what extent a lung which has been 
functionbess for varying periods of time, 
can be restored, not only morphologically 
but also functionally after the repair of 
the Bronchial injury. Such investigations 
are scarce (Weisel & Jake, 1953; Sau- 
vage, 1954; Krauss, 1955; Matthes, 1955; 
Razemon & Gernez-Rieux, 1956; Ma- 
Boren & De _ Bakey, 
1956; Samson, 1956). Weisel & Jake 


and Mahatley, et al. report on a case 


hafley, Creech, 


of traumatic bronchial rupture, where 
in diflerential pulmonary function stud- 
ies the affected jung side had regained 
a good function capacity. In Weisel and 
Jake's case it was a matter of a rupture 
of the right bronchus, where operation 
was performed 46 days after the injury 
occurred, Three months after operation 
the right lung was capable of handling 
38% of the total oxygen uptake (as com- 
pared to 53% normally). Its share of the 
total ventilati8n and the total vital capa- 
city was @lso somewhat ree@uced. in the 
Mahatley et al. case there was an int&val 
of 11 years between the time of the rup- 
ture of the left main bronchus and its 
repair. Five months after the successful 
operation the left lung handled 35 % of 


the total circulatory oxygen. Its share 
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° 
of the total ventilation was practical) 
as great, while itsghare of the tota: vita) 
capacity, on the other hand, was smaller. 
appe®s 


that, despite the time interval, surgica! 
~il« 


Krom these observations it 
etherapy may result in a good functional! 
capacity of the lung (on the side of the 
injury 

In Samson and Krauss*s case the lung 
showed good restoration apart from the 
circulatory oxygen, which remained 
considerably reduced. Krauss mentions 
the possibiity of a residual injury of the 
alveolar epithelium. 

As cases published on pre- and _post- 
operative lung function tests are rare. 
we considered the following case, which 
has been treated and tested at the thora- 
cic surgical clinic in Malmé6, to be of 


interest. 


CASE REPORT 


In July, 1956, a 43-year-old farmer, previously 


healthy, fell 3 meters from a hay wagon. He lan- , 


ded on the right side of his head and thorax. 


He was not unconscious but felt afterwards that 
his chest was “blown out’’. He was immediatel) 
brought to the nearesé¢ hospital where a pronoun- 
ced stridurous respiration and lip cyanosis was 
found. A moderate subcutaneous emphysema 
was palpated over the right anterior chest. 

Immediate chest X-rays did not show an 
sign of rib fractures, but showed a total collapse 
of the right lung and shifting of the, mediastinum 
to the left. Continuous suction was applied in the 
right pleura space, resultings in a few days, im 
the extraction of a large quantity of a very san- 

, ° 
guineous exudate. 

During the course of the next 7 weeks the right 
lung re-expanded but collapsed cogpletely oP 
three diflerent Oct asions in spite of cont nu®us 
suction. It finally appeared evident that ther 


was a bigecommunication between the lung ane 


i 
* : 


pleura cavity and the patient was trans'err® 


to the dept. of Lhora ic Surgery in Mal 


TRAUMATIC BRONCHIAL RUPTURI 


SSION OF LUNG FUNCIJON 
RESULTS 


DIS! 


In a° above Cage, sureery was resorted 
«9 about 2 months after Injury. A com- 
plete rupture of the right main bronchus 
was found and re-instituted by an end- 
ro-end anastomosis. [he post-operative 
course was entirely Satisfactory” The 
patieg@ whose pre-operative condition 
was poor, improved rapidly. His poor 
condition was probably due to a venous- 
arterial shunt, as indicated by the fairly 
marked cyanosis and slight dyspnoea at 
rest. Lhe Spirometyic investigation showed 
that the lung Wolume was reduced by 
90%. The 


seemed almost normal. Owing to thee 


almost alveolar ventilation 
general condition of the patient, no 
testing of the maximal breathing capa- 
city and the maximal expiratory volume 
| © on e 7 
could be made. The lung function was 
° . 
followed up by spirometry and broncho- 
e . :; 
spirometry, on four occasions, i.e. 3 
weeks, 6, 7 and 27 months postXperati- 
vely. @able | shows that it has been 


possible through spirometry to “find a 


gradual increase of the total capacity of ° 
& 
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mination 27 months after operation, 


the lungs which, at he last exa- 


amounts to 85% @o0f the estimated normal 
VC) at 


same examination amounts to about 3.7 


value. Lhe vital capacity the 
°° 

|, corresponding to about, 8! °®, of the 

normal value estimated ®r the pafient. 

the 

variations. The residual 


FRC and RV) still hold 


These values #te within limits of 


the normal 


lung volumes 


° . 
a somewkat lafve® share of the total @ 


, : ° , 
capacity of th® lungs than normal. Even 


as early as 3 weeks post-operatively the 


- @ e . ‘ 
maximal breathing capacity MBC 

. . — . ; . ° 
was 68 | mine (97% of the estimated 


° . 
normal value), and after 14 months the 
maximal breathing capacity was no?- 
99 %). the MBC 


° . june 
slightly reduced in the last check-up 27 


mal However, was 
months post-operatively. Sinalarly the 
maximal expiratory volume (MEV) has 
been improved and noW constitutes 3.24 
| during the first second, or 98 %. Simul- 
taneously with the improvement of MBC 
and MEV the lung clearance index has 
fallen from 12.8 to 8.9, between the first 
examinations, 


and last 


postoperative 


_— . e : , , , , 
PABLger1. Results of pre- and post-operaiive spirometric examinations. 
s 


- ; ry , s : 
¢ bigures in paré@ntheses indicate @he percentage of estimated normal values. 
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1956 operation 19/9 
15/9 1O/10 1/3 1957 22/11 1957 ®@ 8/1 1959 
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Fic. 3. Lung roentgenogram 
27 months after operation. 
No visible p@thology in the 


lupes. 


e 
° 
adjoining soft tissues with isolated sutures of 


stainless steel wire so that the lumen was pro- 
perly re-establish¢g?® The lung was re-inflated 
by the anaesthetist and in 10-15 min., after 
removal of some rinds on its surface, was fairly 


well expanded. ‘Two rubber catheters for conti- 


e@ uous suction were placed in the usual manner in 


the pleura cavity ang the chegt was closed. 
The postoperative coursg was une®entful and 
a dramatic improvement appeared in the general 
condition of the patient. Three weeks post-og- 
rativels the patient could walk up three flights of 
a oe ea : 
stairs without difficulty. He resumed his usuab 
work as a farmer 3®months after operation. 
Follow-up examinations 5, 14 and 27 months 


) ° ad 
post-operatively gcvealed continued good health 


bie. 3 
Post-operative bronchography shows good 
anastomosis (see Fig’. t), Medially one Can see a 
small Thine at the si® of the anastomosis. 
lhe right luneg’s functio™® was observed in 
t post-operative check-ups (see Tables 1 and 2). 
° 
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Fic. 4. Post-operative bronchography. (000 
passage through anastomosis. The anastomos> 
site 1s indicated bv a step-like format! | SCC 
mediall® 
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eC) . " TRAUMATI 

e 
\I; eh traumatic bronchial rupture ts not 
mon at present, the increasing rate of 
aff cidents will increase its frequency in 
ture. [In severe injury to the chest it igtherefore 

a, 

of great importance always to bear in mind the 


‘y of such a diagnosis. 


mw ySI) 
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TABLE 2. Results of post-operative [Ponchospirometric investigations. 
vv — 
lLung- 
° TLC VC FRC Min. vent. clearance OQ, uptak 
Broncho- R,% of R,% of R,% of FRC/TLC RV ELC R, % of index R, % of 
spirometry total total total R L, R I total R L, total 
° a 
. 
10/10 1956 26 17 40 ae Sean ae) |6U6fSO 17 14.0 99 2] 
1/3 1957 43 2 : +7 
22/9 1957 42 13 44 78.3 72.5 55.7 56.0 40 11.5 68 55 
8/1 1959 54 +4 58 80.1 66.3 63.8 46.3 +4 8.4 7.6 53 
2 a 
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, , es 
which shows a “hormal gas distribution 


in the lungs. Analysis of the a®terial 
blood gases was perforfhed during the 
first and last post-operative examigations. 
The results from the first examination 
showed an insignificant lowering of the 
arterial oxygen tension, while the cagbon 
dioxide tension was normal. At the dast 
exam#nation the values were normal. 
The improvement after operation can 
be even better analyzed hy a differentiated 
lung function analysis with bronchospiro- 
metry (Vable 2). The volume of the right 
lung has increased conjinuously and its 
share of the total now constitutes 54 % 
‘normal value 53 %). The last examina- 
tiorg also revealed that the two residual 


lung volumes ‘(FRC and RV) held a 


® definitely larger share of the capacity of 


the right lung than was the casein the 
left lung. 
lhe a ° : 

A striking improvement was obtained 
in the right lung’s share of the total ventilation, 
elfch has increased from 17% to 44% 
in the sitting position. At the same time 


the efficiency of the ventilation has in- 


ecremsed, as indicated by the lowered 


values of the lung clearance index. The 
share Of the right lung in the mirfute 
volume is normal in supine, right and 
left latfal position, but somewhat redu- 


ced in the sitting position. 


The oxygen uptake of the right lung 
has gradually increased (from 21 OF the 
totaPto its normal share between the first 
and final examunations. respectively, 
indicating that the right lung circulation 
was normal. . 

The functional analyses thus defini- 
tely provedghat improvement had taken 
place. The analyses also showed that the 
improvement was qiade gradually and 
continued for a long time _ post-opera- 
tively. 
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SUMMARY . 


® 

A brief survey “of the literature on traumati 
bronchial rupture is presented. @ 

Presentation of a case of traumatic complete 
rupture of the right main bronchus, which was 
repaired by an end-to-end anastomosis @ the 
brgnchial stgmps. The operation was performe® 
two months after the accident and the post- 
operative course was uneventful. 

The pat@nt was followed up on sevegal occa- 
sions. Three m8nths after operation he could 
gcsume his usual work and at the final check-up 


27 m&nths post-operatively, he was in fit condition 


e oe. st 
subjectively and objectively. 


The patient’s respiratory status has bagn follo- 
wed with spirometries and bronchospirometries 
14 and 27 mont®s Lifter opera: 


tion. These investigations showed a gradual course 


3 weeks and 5. 


of improvement of the function of the right lung. 


Normal right-lung volume and circulatioff was 


found on final examination. Its ventilation con- 
_» @ © : e 
ditions were also pgactically normal. 
: ° 
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Ciliated Epithelial Cyst of the Oesophagus y 


° Case Report 


> - > 


, ° e . 
V. O. Bfork, B. Fors and H. Lopin . 


Ciliated epithelial @ysts of the oesopha- 
cus are very uncommon. Fifty-one cases 
have been reported in the literature. 
Although it 1s probable that enmany more 
such cases have been operated upon than 
the fourteen reported in the literature, 
most thoracic surgeons will see only an 
Creech & De Bakey 


1954) are in fact the only surgeons who 


occasional case. 
have reported two operated cases of 
ciliated epithelial cyst of the oesophagus. 
1931) the 


remove an oesophageal cys@ We recently 


Sauerbruch was first to 


operated upon a patient with a circum- 


—. ; . Ss 
scribed tumor located in the right ante- 


; ‘ ° 
rigr wall of the lower thd of the oeso- 


phagus.” The preoperative roentgenolo- 
gical diagnosis was an intrgmural OesOo- 
phageal tumor, probably?’ leiomyoma 
However, the tumor proved to be a cilia- 
ted epithelial cyst of the oesophagfis. 
Because of the rarity Of oesophageal 


cysts and the diagnostic difficulties we 


Wislgto relate the case. e ° 
° eo 
CME REPORT 
° co} 
\ -year-old woman had been complaining 


ar of a lump of mucus in the throat ol 


was not able to @et rid. The symptoms 


were most pronounced when she was lying down 
and in the mornings. She experienced no difficul- 
ties in swallowing. 6 

Radiological examination showed a tumor, the 
size sot an egg, protruding into the oesophageal 
lumen ten centimeters above the cardia, see ky. 
|. The tumor could also be detected on previous 
radiograms taken three years carlic® The roent- 
genological diagnosis was an intramural tumor, 
probably a leiomyoma. 

In December 1958 a thoracotomy was carried 
out through a@ight postero-latefMl incision. Re® 
traction of the lung anteriorly revealed a rounded 
mass within the mediastinum at the level of sthe 
ninth poracic vertebra, see Fig. 2. The tumor 
was situated in the right anterior wall of the oeso- 

6 
phagus and could not be shelled out as an ordi- 
nary leiomyoma. Mobilization of the tumor 
necessitated excision of portions of the muscular 
wall over a large area. For biopsy an incision was 
perforrged and revealed a cyst with greyish- 
brown viscid fi@d. On &e basis of a quick frozen 
section malignancy was ex luded. The cyst was 
then removed by blunt a@d sharp dissection, 
there being no communication with the lumen 
of the ocsoplgagus. As there was a rather large 


alter the cyst, reapproximation of thi 


unc®, 


detect 
musculature could @ly be carried out 
considerable tension. 

‘The convalescence was uneventlulg and the 
symp@®ms disappeared. At the follow up th 
roentgenological examination showed a_ broad- 

e Sg | 
batged diverti uligm ot the oesophagus “aft the level 

7 | | oe . ° 

of the extirpation, see Fig. 5. ° 
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CILIATED EPITHELIAI 


tic. 2. The oesophageal cyst during the operation. 


Another explanation of the develop- 
ment of these cysts is that they are derived 
irom tissue fragments separated off at 
the detaching of the trachea from the gut, 
or Oespphago-tracheal fistulas occluded 
at the ends, or rudimentary lung anla- 
gen. |hese views are based on the epi- 
thel; type and the occurgence of carti- 


hax ghe Cyst wall.® 
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LUNG DIAPHR. 
Y CYST 
e 
VERTEBRAE | 
s 
° ° 


Both these theories may be accepted. 
We assume, however, that when hyaline 
cartilage is found the cyst is bronchoge- 
nic, and when there is a real musculai 
coat in two layers, and especially, as 
Ranstrom has emphasized, when there 
is a muscularis mucosae, the origifi is in 

* the oesophagus. The definite oesophagea! 


evall has agmuscularis mucosae and mus- 
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\ Fic. 1. The intramural tumor, the size of an egg. 
me protruding into the lumen of the oesophagus. 
| lhe operation revealed a cyst. e 
a smooth external surface of grey-brown color. 
Lhe wall of the lobulated irregular ¢vst varied 
irom one to two millimeters in thickness and was 
trabeculated. Microscopically the inner lining 
° consisted of a Piliated pseudo-stratified mucus- 
producing columnar epithelium, see Fig. 4. In 
oO 
oO 
e > 
oO 
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places the epithelium was replaced by 4 hya' 
fibrous tissue. Beneath the epithelium there. 
a loose connective tissue and in a fe\ lace 
thin muscular coat partially resembling a mye. 
laris mucosae, see Fig. 5. Outside of this Dartiall 
separated, followed a smooth musculature array. 
ged in two layers, where the fibres ran almo 


perpendicular to each other, see Fig. 6, In 4 
places with evidence of a mucosa with a mo. 


cularis mucosac and a submucosal 


iAveT 


glandular formations were seen. 


DISCUSSION 
Leaving cystic teratoma and ciliated 
epithelial cyst of the thymus out of } 
question, there are two main groups of 
ciliated epithelial cysts of the mediasti- 
num: 
|. Bronchogenic cysts, thought to be 
derived from a pinching off of buds 
froyn¢he primitive trachea and usuall\ 
the leVel of- the 


bifurcation in the posterior part of the 


found at trachea! 


mediastinum. , 

2. Ciliated epithelial oesophageal cysts. 
found within the muscular wall of the | 
oesophagus or in intimate connection | 

This 


common, is a,subgroup of a larger 


with it. group, which is less 
e 
ong containing also other cysts derivec 
from the alimentary tract, with lin- 
ings of gastric or enteric type. 
S : 


Ocsophageal cysts are thought to de- 
velop from. the ediverticula normal 
found in the primitive oesophagus during 
the second foetal month in the twent 
194); 


At this stage both oeso- 4 
A 


millimeter stage Ranstrom., 


Schlumberger 
phagus and trachea are lined with cill- | 
the | 


. °e : : : pa . 
persists a communication with the jumen 


ated epithelium. In rare cases 


of the oeophagus Schlumberge! 
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Fic. 6. The complete cyst wall with its different 
layers: the mucosa with the epithelium and 

° * the thin muscular layer resembling a muscu- 
\f%is mucosae, the thin submucosa, and the 

° muscularis propria with its two perpendicular 


HU). ° 


lavers 


e 
. . 7 ° 
cularis propria, but the definite tracheal 


wall has no muscularis mucosae and a 


wall. : 


lhe cysts of the oesophagus* are most 


the latter, as there is then a rapid elon- 


gation of the oesophagus. ° 


As regards the di&tmnosis, we cannot 
see any possibility of distinguishing a 
real oesophageal cyst from other intra- 

* mural tumors such as leiomMyormas unfess 
a puncture of the cyst is performed, and 


this method cannot be recontmended. 


In spite of the bepign appearance of the 

: ~~ @ 
i. U®nor on the radiogram a malignant 
tumor cannot Be excluded (Gockel. 

lar | : — 
a IY Goldmann,® Marshalk & Fried- 
m 19592 A cystic diverticulum 

° 
° 
o @ 
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mus@ularis propria only in the posterior 


frequently found in the lowef third of 


» © 
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° 


radiological exa- 
° 


may be detected by 
mination. 
The symptoms are vague. Sometimes 
®the cyst interferes with swallowing. In 
some instances there may be cardial 
symptoms, disappearing after extirpa- 
tion (Creech & De Bakey, 1954). ° 
As a definite diagnosis is practically 
impossible by other means than surgical 
eexploration, this n@easure is indicated 


even in the absence of symptoms. During 


*the operation one must take care to 
eEXCIse as litle as pt ssible of the oesopha- 
geal musculature once malignancy iS 
excluded. Other€vise there will be too 
much tension one the, reapproximating 

sutures of the musculature, resulting in 

a diverticulum. In our case the mltilo- 
bulated cyst made a rather extensive 

resection necessary. A reinfofcement of 
the approximated oesophageal Pogiscula- 
ture by a pleural flap or by lung tissue 

e *was considered during the operation, but 

« was thought to be unwise because of the 

risk of scarring and stricture formation, 

which are more dangerous than a broad- 
based diverticulum. : 


SUMMARY 


\ comparatively rare case of an operated cili- 
° ated eygthelial cyst of the oesophagus 1S reported. 
Che theories of the genesis are briefly reviewed 


and the diagnosis clise ugged. 
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Even though in the course of thé past 
fifteen years sgrgery of the esophagus has 
become a steadily decreasing problem 
from a technical-surgicalepoint of View, 
carcifoma in this organ gtill presents 
many therapeutical problems. *Uhis is 
also reflected in surgical literaturg. The 
enthusiasm of the initial years has gradu- 
ally Weered to a certain degree of pessi- 
mism. As in medicine generally it may 
probable be stated that the truth lies 
between the two extremes. 


The main problem is that the first 


symptome presented by these patients, ¢ 


dysphagia, does not manifest itself until 
until late in the course of the disease. 
Many of these patient®, therefore, are 
radical 


: surgery. A 
further problem is that the Spread of 


not accessible to 
°o 


tumor ecells occurs early. Thus, more 


c-] ° . 
than two-thirds of the patients who un- 


° 
dergo radical. operation have meta- 


stases in the regional lymph nodes (Fig. 
|). Another matter ® b® emphasized in 
this connection is that the spread to the 
lyf phatic system is not local as a zule, 
involving also the lymph noes around 


. ° ‘ e 
the coeliac @xis, te lymph nodes on the 


Supper portion of the lesser omentum and 
° 


those in the supraclavicular fossa. In 


oU@r words, eat an early poent of time 


the spread to lymph nodes includes the 
region from the upper abdomigal area 
to the ngck. [his applies even though the 
carcinoma is localized to the most difle- 
rent parts of the esophagu8,, 

A third therapeutical eproblem is the 
rapid spread of the tumor tissue in the 
submucous lymphatics o@ the esophagus 
proper (Fig. 2). Thus, miucroscopicale 


secondary nodules are found frequently 


eat a great®distance from the primary 


growth. This spread is most marked 
orally to the tumor, This issexperienced 
also with carcinoma of the cardia of the ° 
stomach, whick frequently has a consi- 
deraBle tenden®y to spread upwards in 
the esophagus. : 

A Surth problem is the fact that qnuany 
of the publications on the,results of surgi- 
cal and radiological treatment of eso- 
phageal carcinoma are only slightly 
comparable, There is particularly one 
Arcumstance which is pt to cause con- 
fusi8n in the evaluation of the diflerent 
materials, viz. that many authors include 
in theil® esophageal material also carci- 
noma of the cardia, which frequently 
da@fers greatly from the squamofs cell 

°. | 
carcinoma of the esophagus, with regard 
te hiMology. conditions of spread, and, 
therapeutical techniqye. 
s ° 
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wide. The age in the opéative group 
has varied between 47 and 83 years. A 
previous, heart infarction has not been 
contra-indication against 
syupgical Neither “has the 


radiological extent of the tumor been 


regarded as 

® 
treatment. 
any decisive contra-indication against 
operative treatment. Surgical explora- 
tion has been undertaken in 38 patients 
of the inoperable group. 

The surgical intervention has been 
performed by a left-sided thoraco-abdo- 
minal exposure of the stomach and the 
esophagus. Great weight has been atta- 
ched to a radical dissection of the lymph 
nodes around the coeliac axis. ‘Together 
with this dissection the lesser omentum 
has been removed on the upper portion 
of the stomath from the point of the left 
gastric artery up to the cardia. This 1s 
of great significance in order to obtain a 
radical operation as the material fre- 
quently has demonstrated metastases to 
lymph glands at these sites. 

lt has been maintained by several 
authors that carcinoma localized to the 
mid-esophagus is more frequently inoper- 
able than carcinoma of the lower eso- 
phagus. The present material submits 
no definite proof of this, the percentual 
operability having apparently been about 
Tables 2—4). The 


main cause of the inoperability, however. 
a | 


° 
the samein both sites 


iS Cillerent for carcinoma in the lower 


. : a 
portion of the esophagus. The local 


invasion gives a higher incidence ol 
> 
. 
e oO 
a 


LOWER PORTION OF 


e 


THE FSOPHAGUS 


° 
1 .@ a vil 
[ARLE 2. Reasons for inoperability. 
° 


Local invasion +7 
Distant lymph node metast. a 
Peritoneal or pleural metast. 9 
Hematogenous spread 20 
Cardiopulmonary insuff. 2 
° 
Total LO] 


TABLE 3., Radically operated. e 


° 
Operation Number Mortality 
° 
| as Pe eo . 
Supraaortic anastomosis s 
ad 
Infraaortic anastomosis 19 uF 
° 
Total LO] 11 (10.9% 


° * 
TABLE 4. Chief causes of death. 


° 
° 
Anas®mosis leak c&mplic. -. 
Pulmenary embolism } 
Hematemesis 
Cardiac complic. 
‘Total ° 1] 
ts ° 


inoperability for carcinoma of the mid- 
esophagus than for the other group, 
while on the other hand the carcinoma 
of the lower portion of the esophagus has 
a more frequeft invasiongol retroperi- 


toneal lymph nodes, which is one of the 


causes of inoperability. According to oyr 


material. however. invasion of the aorta 


° : tg 
Ras only rarely constituted any decisive 


obstacle to the @peration. Infiltration of 


the main bronchus is ntuch more ftre- 


quently responsible forgthe inoperability. ¢ 


This means that in all cases cf carcinoma 
the left 


bronchus should invariably be examined 


of the mid-esophagus main 
by endoscopy. ‘Sheeize of the tumor, as 
estimated according to the radiograph 
findings, is of no decisige importance as 


a sign of inoperaMlity, and should by 


mate) 
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Fic. 1. Lymph node metastases in 101 cases of 
cascinoma of the esophagus treated with 
radical surgery. 


Further there is one factor which adds 
to the difficulty of analyzing the various 
publications, namely that the majority 
of the investigators have accepted a sche- 
matical classification of the esophagus in 
different sections. It is obvious that a 
malignant tumor does not heed such a 
schematic distribution, and the tumor. 
when it is diagnpsed, infiltrates more than 
one of these sections. Thus, in the present 
material it has been observed that the 
majority of the carcinomas have been 
localized 40 mid-esophagus including as 
well a portion of the lower third of the 
esophagus. In this material, therefore. 
the site of the tumor will be classified 
on the bas@ of a clinico-therapeutical 


EFSKIND 


Fic. 2. Lymphatic spread in esophagus 7 cm 
from the primary tumor. 
e 


principle, namely the level of the anasto- 
mosis at the surgical intervention, viz. 
whether it has been placed above or 
below the aortic arch. In other words, 
this indicates that the very low carci- 
nomas of the esophagus form a separate 
group, While carcinomas of the mid- 
esophagus and the upper portion of the 


lower third form another separate group. 


MATERIAL 


In the course of the period from 1946 
to 1958 a total of 201 patients have been 
admitted to our department sutflering 
from carcinoma of the lower portion of 
the esophagus, 101 of whom have been 
subjected to Madical operation (‘Table 1). 
The indications for operation have »een 
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A. ‘ar as the late results in the operated 


° ° 
te are concerned, the two other 


pat 
fact seem to be of considerable signi- 
feance in the present material: the 


distant lymphogenous spread, and the 


spread in the lymph ves#@ls of the 
esophagus. 

The late results for these patients are 
not at all favourable. Here, as in carci- 
noma therapy otherwise, however, it is 
imperative to accept the low figures and 
not to be incited to negativism, but 
rather to let them be an incentive. The 
chance of improving the results should 
be present even in the orthodox proce- 
dures of surgery and irradiation. An 
earlier diagnosis will seepve to make the 
local invasion as well as the lympho- 
genous spread léss extensive. In order 
to get the best possible control of the 
organic and lymphogenous spread it is 
necessary to make the operation as radi- 
cal as possible, including a precise dissec- 
tion of lymph nodes and lymphatics from 
the coeliac axis, along the lesser curva- 
ture of the stomach, and upwards to the 
groups of glands above the aortic arch. 
The local spread inside the organ has 
to be controlled by making the resection 
as high as possible. The result will be 
that in practically all cases of carcinoma 
the resection has to be so high that a supra- 
aortic anastomosis will be required. 

Lhe palliative treatment of carcinoma 
of the esophagus is a problem in itself. 


Several methods have been suggested for 


e 


16] 


9 


surgical treatmer® of the chief symptom 


® « : ' 
of the patients, theedysphagia. All these 


methods, however, are encumbered with 
° 
a rather high rate of mortality. It is our 


experience, however, that irradiation 
therapy is very ef{@tive in giving the 
patient ®onsiderable relief from pain 
and from discomfort of stenosis. Only 
a few of the patients in the present mate- 
rial, who have been treated with irradia- 
tion, have got a nutritional fiistula in the 


terminal stage. 


SUMMARY 


An account 1s given of 101 patients with 
squamous epithelial carcinoma of the esophagus, 
who have been treated radical-surgically. The 
rate of operative mortality has been 10.9%. The 
survival time after three years is 16% and after 
five years 10°. The material has been classified 
into two groups, one comprising patients with 
supra-aortic treatment, and one including pati- 
ents with infra-aortic treatment. Neither the rate 
of operative mortality, the operability, nor the 
late results have varied significantly in_ these 
groups. 

Due to the lymphogenous spread outside the 
esophagus as well &s to the intramural spread, 
high resection 1s recommended, except for the 


carcinomas located close to the cardia. 
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no means restrain the investigator from 


surgical exploratjon. ‘ 
Metastases to the tributary lymph 
glands play a distinct, but not decisive 
role for the prognosis. Such local meta- 
stises have been found in 40% of ghe 
patients surviving after three years. The 
distant metastasization, however, plays 
a far more decisive role. Only two of the 
patients who had metastases to the lymph 
nodes around the coeliac axis have a 
period of survival of three years or more. 


Metastases to the lymph nodes behind 


the clavicle have been a definite ggn of 


inoperability. ¢ 

Extensive lymphogenous spread in the 
esophagus wall generally indicates a 
poor prognosis. When such spread has 
been demonstrated in the margin of the 
resection area, no patient survives more 
than three years. ‘The result of this has 
been that at present time we resect as 
high up on the esophagus as the extent 
of the mobilized stomach permits. Even 
for the low esophageal carcinomas, there- 
fore, we have more and more changed 
to high resection with supra-aortic anasto- 
mosis. 

Invasion of the stomach by lower 
esophageal carcinomas appears to occur 
to a relatively small extent, whereas the 
cardia does not seem to form any barrier 
against spread from stomach to eso- 
phagus. This rarely creates technical 
difficulties due to an essential shortening 
of the gastric specimen. 

As far as survival time is concerned 
for the patients subjected to radical 
operation, it will be observed that the 
majority of patients succumb within two 


, ® 
years postoperatively. However, those 


who reach a survival time of three vears. 
° ° 
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TABL®5. Survival. 


-3 years 12 of 75 16 
-5 years 7 of 69 10 


TABLE 6. High gastric carcinoma. 


_ i 


Ali C 
No. Op. mortality 3 yrs. 5 vr 


352 13.6 % 18.4% 12.28 


have a relatively great chance of survival! 
after five years (Table 5). This applies 
also to our late results in patients sub- 
jected to radical operation for high 
gastric carcinoma (Table 6). Some of 
our patients have been treated with irra- 
diation postoperatively, though _ this 
seems to have played no essential role 
in the prognosis. 


COMMENTS 


Our experience with surgical treat- 
ment of carcinoma localized to the cervi- 
cal portion of the esophagus is so poor 
that we have commenced treating these 
patients exclusively with irradiation. 
The present material therefore comprises 
carcinoma of the lower part of the eso- 
phagus. . 

Considering the pathological-anato- 
mical and cliffical findings, there are 
three factors which are significant in the 
prognosis of patients with carcinoma ol 
the esophagus. 

The local invasion is one of the main 
factors with regard to the inoperabuility 
of these patients, and is therefore an 
essential hindrance to radical surgical 


treatment. 
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r},- dilatation proximal to the stenosis 
mav pe marked; this often CaUuseseaspira- 
Hore with resultgnag cyanosis and pulg 
monary complications. Peptic, esopha- 
sitis and mucosal destruction may lead 
‘o hemorrhage and anemia. 

Ro@itgenologic examination with cgn- 
trast medium and esophagoscopy lead to 
4 definite diagnosis, and allow visualiza- 
tion of the site and extent of the stricture. 
Information is also obtained regarding 
the state of the mucosa and the existence 
of peptic esophagitis, as well as the even- 
tual presence of gastric mucosa in the 


lower part of the esophagus. 


e LREATMEST 


Conservative treatment, consisting of 


a fluid diet, spasmolytics, antibiotics and 


daily irrigations, may relieve the symp- 
toms in certain mild cases, by decreasing 
the peptic esophagitis and spasm. How- 
ever, this treatment alone often leads to 
marked undernourighment and under- 
development. . 

Gradual dilatation has proved success- 
ful in many cases (Gross, 1953; ‘Terracol 
& Sweet), and is used even when a short, 
This 


procedure is, hgwever, associated with a 


web-like membrane is _ present. 
relatively great risk of perforating the 
esophagus. 
Sfiort strictures at different levels of 
” the esophagus have beefi found amenable 
to excision and end-to-end reconstruction 
with gr without plastic repair (Gross, 
1948: Sandblom). e 
Paine (1951) found, in a study of the 
‘American literature, 16 cases of severe 
congenital stricture which had required 


resection and various kinds of recd&h- 
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, struction, with fairly good results in 15. 


Lsophagogastrostomy had been __per- 


formed in 13 of the pagients, and in two 
personal cases. Paine stated that his 
own cases had, however. presented a 
number of postoperative 
the @rly 


in the form of frequent regurgi- 


problems 
especially in postoperative 


period 


tation of the gastric contents into the 
pharynx. 
Gross (1953) reported that it was 


necessary to resort to partial esophage- 
tomy and end-to-end suture in only 5 
cases in a series of 38, and that no exten- 
sive reconstruction was required in any 
of them. 

Holinger, Johnstone, Potts & daCunha 
(1954) had a series of 43 cases of benign 
stricture; excision of the stricture and 
esophagogastric anastomosis Ifad to be 
performed in ® of them. Postoperative 
stricture appeared in the anastomosis in 
four of these patients, and necessitated 
repeated dilatation. No _ postoperative 
complications occurred in the fifth case, ° 
in which the anastomosis was made above 
the aortic arch (as in my case). Allison, 
Weoler & Cunning (1957) stressed the 
drawbacks *of esophagogastric anasto- 
mosis—regurgitation, stricture forma- 
tion and inhalation of stomach @ntents 
into the lungs during sleeg»—and recom- 
mended esophagojejunogastrostomy 1n- 
stead. They used this technique in seven 
cases (pyloromyotomy was done as yell 
in three cases); six patients survived and 
became asymptomagic. e 

Now that antethoracic cutaneous re- 
construction of long esophageal defects 
has fallen into increasing disuse, the 
choice lies between using the stomach, 


jejunum and colon for esophageal repla- 
° 
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ANATOMY 


The most common congenital anomaly 
of the esophagus is atresia with or without 
a tracheo-esophageal fistula. ‘This condi- 
tion requires immediate surgical correc- 
tion if the infant is to survive. Another 
congenital malformation, although it 1s 
rare, consists of stricture or stenosis, 
which only partially blocks esophageal 
passage, and therefore does not cause 
aify problems until later in childhood 
Lisa & ‘Taylor, 1948; Sandblom, 1949; 
Gross, 1953)e 

The rare congenital stricture or steno- 
sis 1s characterized by narrowing of a 
segment of the esophagus, usually in its 
lower third, without initial inflammatory 
changes or fibrosis. ‘The stenosed segment 
sometimes consists of a diaphragm-like 
or valvular frmation, in which case the 
secondary lesions of the wall are less 
severe. ‘T'lfe longer stricture m@y extend 
from the tracheal 


bifurcation. seldom 


e higher, as far as the cardia. Inflammatory 


lesions and fibrosis develop, with a tens 


dency to shrinkage of the esophageal wall 
° 


and constriction of the lumen. In addi- 
tion, the esophagus becomes dilated 
proximaleto the stenosis, and this condi- 
tion soon demands medical and surgical 
intervention (Humphreys, 1958; ‘Terra- 


col & Sweet. 1958). 


CLINICAL FEATURES 
° 
Children with congenital stricture of 


the esophagus generally have symptoms 
which appear very garly in life, and the 
anomaly is usually detected during the 
first or second year. Even in cases in which 
it is not diagnosed until later in child- 
hood, there is generally a_ history of 
symptoms dating back to infancy (Gross, 
1953). Tht symptoms are likely to make 
their appearance wlien the child progres- 
ses from Huid to semisolid or solid food. 
The dominarft features are regurgitation 
at practically every meal, and _ loss of 
weight or failure to gain weight. Profuse 
secretion of mucus, dysphagga and pain 
are also present. The more sevege the 


gtienosis, the earlier and more severe are 


> ay ) ° 
the symptoms. E 
° ° 
° 
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rie dilatation Proximal to the stenosis 
mav De marked: this often causes aspira- 
Hon. with resulting cyanosis and pul- 
mona’ cemplications. Peptic esopha- 
sitis and mucosal destru®tion may lead 
1 hemorrhage and anemia. 

Roentgenologic examination with con- 
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rrast mediu@® and esophagoscopy lead to 


* 7. *#definite diagnosis, and allow visuali#a- 
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tion of the site and extent of the stricture. 
Informatjon is also obtained regarding 
the state of the mucosa and the existence 
of peptic esophagitis, as well as the evep- 
tual presence of gastric mucosa in the 
lower part of the esophagus. 


J REATMENT 


Conservative treatneent® consisting of 
a fluid diet, spasmolytics, antibiotics and 
daily irrigations, may relieve the symp- 
toms in certain mild cases, by decreasing 
the peptic esophagitis angl spasm. How- 
ever, this treatment alone often leads to 
marked undernourishment and under- 
development. 

Gradual dilatation has proved success- 
tul in m&ny cases (Gross, 1953; ‘Terracol 
& Sweet), and is used even when a short, 
web-like This 


procedure is, however, associated with a 


membrane is_ present. 
relatively great risk *%of perforating the 
CSO )| AaYUS., 
phagus ‘ 
Sh@t strictures at different levels of 
the esophagus have been found amenable 


to excision and end-to-end reconstruction 


with or without plastic repair (Grc&s, 
1948: Sandblom 
Paine (1951) found, in a study of the 


American literature. 16 cases of SCVCre, 


congenital@stricture which had required 
resection and various kinds of recon- 
oO ° o ° 
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° 
struction, with fairly goc@l results in 15. 


Esophagogastrost had 
sSophagogastrostomy had _ been 


per- 
formed in 3 of the patients, and in two 
personal cases.® Paine stated that his 
own cases had, however, presented a 
number of postoperati problems 
especially in the early postoperaffve 
period—ain the form of frequent regurgi- 
tation of the gastric contents into the 
pharynx. 
Gross (1953) 


necessary to resort to partial esophagec- 


reported that it was 
tomy and end-to-end suture in only 5 
cases in a series@of 38, and that no exten- 
sive reconstruction was required in any 
of them. 

Holinger, Johnstone, Potts & daCunha 
(1954) had a series of 43 cases of benign 
stricture; excision of the stricture and 
esophagogastric anastomosis had to be 
performed in 5 of them. Postoperative 
stricture appeared in the anastomosis in 
four of these patients, and necessitated 
repeated dilatation. No postoperative 
complications occurred in the fifth case, 
in which the anastomosis was made above 
the aortic arch (as in my case). Allison, 
Wooler & Gunning (1957) stressed the 
drawbacks of esophagogastric anasto- 
mosis—regurgitation, stricture forma- 
tion and inhalation of stomach contents 
into the lungs during sleep—and recom- 
mended esophagojejunogastrostomy 1n- 
stead. ‘Phey used this technique in seven 
cases (p@loromyotomy was done as well 
in three cases); six patients survived and 
became asymptomatic. 

Now that antethoracic cutaneous re- 
construction of long esophageal defects 
has fallen into increasing disuse, the 
choice lies between using the stomach, 


jejunum and colon for esophageal repla- 
o 
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4 and constriction of the lumen. In addi-e 
ANATOMY 


The most common congenital anomaly 

of the esophagus is atresia with or without 
° apace 

a tracheo-esophageal fistula. ‘This condi- 


tion requiresyimmediate surgical correc- 


. “ . . " °e 
tion if the infant is to survive. Another, 


congenital malformation, although it is 
rare, consists of stricture or stenosis, 
which only partially blocks esophageal 
passage” and therefore does not cause 
any problems until later in childhood 
Lisa & Taylor, 1948; Sandblom, 1949; 
Gross, 1953). . 

The rare congenital stricture or steno- 
sis is characterized by narrowing of a 
segment of the esophagus, usually in its 
lower third, without initial inflammatory 
changes or fibrosis. The stenosed segment 
sometimes consists of a diaphragm-like 
or valvular formation, in which case the 
secondary lesions of the wall are less 
severe. The longey stricture may extend 
from the tracheal bifurcation, seldom 
higher, as far as the cardia. Inflanfmatory 
lesions and fibrosis develop, with a ten- 


dency to shrinkage of the esophageal wall 


168. 1999 


tion, the esophagus becomes dilated 
proximal to the stenosis, and this condi- 
tion soon demands medical and surgical 
intervention (Humphreys, 1958; Terra- 
col & Sweet, 1958). 


CLINICAL FEATURES 


Children with congenital stricture of 
the esophagus generally have symptoms 
which appear very early in life, and the 
anomaly is usually detected during the 
first or second year. Even in cases in which 
it is not diagnosed until later in child- 
hood, there is generally a_ history of 
symptoms dating back to infanty Gross, 
1953). The symptoms are likely to make 
their appearance when the child progres- 
ses from fluid to semisolid or solid food. 
The dorminant features are regurgitation 

eat “practically every meal, &nd loss of 


weight or failure to gain weight. Profuse 


secretion of mucus, dysphagia and pain 


are also present. The more severe the 
stenosis, the earlier and more severe are 


the symptoms. 
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part of the esophagus, starting at the level eof 


the aortic arch (Fig. 1). The mucosal relief was 
Marked 


prestenotic dilatation was visible in the proximal 


obliterated in the stenosed segment. 
part of the esophagus. Hiatal hernia and so- 
called brachyesophagus were also present. 

In view both of the severe anatomic changes, 
, pore 
i.c., a marked, long stricture with deep-seated 
esophagitis and mucosal destructign, and of their 
eflects—underdevelopment, undernutrition and 


severe anemia—turther conservative treatment 
was considered unfeasible. ‘The patient was there- 
lore referred for surgical treatment. 

1956. It 


consisted of excision of the esophagus from below 


Operation was performed in July 


the level of the aortic arch down to and including 
the cardia, mobilization and drawing up of the 
stomach into the left thoracic cavity, and eso- 
phagogastric anastomosig in front of the aorti 
arch. The part of the esophagus above the steno- 
sis was grossly dilated and thick walled. The 
stenosed segment had a thick, greatly indurated 
| and was difficult to mobilize. 


Vhiers scopic examination showed total destruc- 


Fic. 2. One month after opera- 
tion, consisting of excision 
of the segment 
and esophagogastrostomy. 
A stricture has developed 
in the anastomosis. 


Stem sed 


tion of the mucosa: marked inflammatory changes 


were present in the submucous and muscular 
layers, extending into the serous membrane. The 
muscular layer was thickened, and contained 
numerous nervous-tissue elements. Gastric mucosa 
with inflammatory lesions was present in the 
distal part of the esophagus. 

The postoperative course was initially comple- 
tely uneventful, but after a month the anastomo- 
sis became too narrow (Fig. 2) and necessitated 
cautious probing. Since then, the size of the ana- 
stomosis has remained unchanged, and no dilata- 
tion has been required. At the time of writing, 
the patient can eat any kind of food and never 
vomits. He has de&eloped well, has no anemia 
and has gained 9 kg in weight during the observa- 
tion period, which ts almost three years. Roentge- 
nologic examination now shows a satisfactory 
anastomosis with no dilatation above it (Fig. 3 
No regurgitation can be provoked, even if roent- 
genologic examination with contrast medium ts 
performed with the child’s head hanging down. 
The drawn-up stomach seems to have narrowed, 


and takes up little place in the thorax. 
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hic. |. Preoperative examina- 
tion. Boy aged 3 years 8 
months, with congenital 
stricture of the esophagus, 
hiatal hernia and so-called 
brachyesophagus. 
cement (Yudin, 1944; Sweet, 1946: 
Robertson & Sargeant, 1950; Holinger 
et al.; Allison et al.; ‘Terracol & Sweet). 
These operations are nevertheless proce- 
dures of great magnitude, and have both 
fe advantages and drawbacks. Moreover. 
opinions are at variance regarding the 
° merits of the different methods, and in 


the small series hitherto reported, post- 
operative and late complications have 
been described. in the form of peptic 


and nutritional 


difficulties. ° 


esophagitis, stricture 
An account is given in the following 
of an unusual case of long, congenital 


stricture of the esophagus, with severe 


inflammatory changes and hiatal hernia. 


as well as so-called brachyesophagus, 


& 
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probably of secondary origin. [he case 
was treated with good results by, radical 
excision of the lower part of the esopha- 
gus, and esophagogastrostomy at the 


level of the aortic arch. 


CASE REPORT 


®*A boy, aged 3 years 8 months, was admitted to 


the Paediatric Department of our hospital in 


June 1956, on the grounds of nutritional difficul- 


ties, vomiting and severe anemia. Since the age 
of 18 monthsghe had invariably vomited on eating 
solid food, and had a profuse secretion of mucus 
after every meal. He had a history of repeated 
infections, with cough and pulmonary complica- 
tions. On gdmuission, he was greatly debilita®d, 
emaciated (weight 12.5 kg) and had severe secon- 
dary anemia. Roentgenologic examination ¢- 


closgd a long, high-grade stricture of the lower 
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fa alve-like mech®€nism can be produ- mechanism’ formed—eneither regyrgita- 


: , ;, : ;, ra) 
ced the actual anastomosis. and regur-« tion, @eptic esophagitis nor stricture has 


y gitation prevented, no late complications developed during the observation period, 
seer to occur, as In one case reported by whigh is now almost three years. © o% 
Holinger el al, Pp 
In the present case, such a “valve” ‘ 


has apparently been formed Vie. 3 SUMMARY 
This is due to the actual anastomosis ae | 
} di ) : tabl An account is given of an operated case of ‘ 
: v-riding the aorta in a suitable way, : | ) 
over-ridins . extensive congenital stricture of the esophagus, . 


which evidently prevents any regurgita- with hiatal hermia and so-called brachyesopha- 


tion. with resulting peptic esophagitis gus. Operation consisted of excision of the steno- 


and postoperative stricture. sed segment, and esophagogastrostomy in front 
In recent years, numerous re¢ ports have of the aortic arch. It is pointed out that although 
: ona . ' . ‘ ‘ : ° ; 

bli ‘ d of esophageal reconstruc opinions in the literature are at variance regard- 
een publishe . ageal recon: p 


} ing the merits of this method, the results in the 
| tion with an isolated loop of jeyunum or present case are highly satisfactory. No late com- 
colon in cases of tumour or other severe plications have appeared after an observation 
® 
diseases of the esophagus. On the other period of almost three years. 
hand, there seems to be little experience 
of this type of reconstruction in stricture 
: : REFERENCES 
} of the esophagus in children. Allison et ai. 
: have stated emphatically that esopha- Auuison, P. R., Woorer, G. H. & GuNNING, 
gojeyunogastrostomy is the most suitable A. J.: Esophagojejunogastrostomy. 7. J hora- 
: = oo. 7 Qn7 
: procedure, and often complement this cue Surg., 33: 738, 1997, 
| — ee oo oe (;ross, R. E.: Treatment of short stricture of the 
operation by pyloromyotomy. Doubts as ) 
a esophagus by partial esophagectomy and end- 
n to the ability of the mucosa of colon or | : * 
) na i to-end esophageal reconstruction. Surgery, 23: 
jejunum to withstand prolonged contact 735. 1948. : 
Tr with gastric juice appear to be unjusti- Gross, R. E.: The Surgery of Infancy and Child- 
n fied Humphreys), but longer observa- hood. Philadelphia, W. B. Saunders Com- 
yvany, 1955. 
al tion periods are required to rule out the iiss | 
" — . ae Houincer, P. H. Jounsrone, K. C., Porrs, W. |. 
possibility of subsequent gastrojejunal or — , . 
; : vw & paCunnua, F.: The conservative and surgical 
iS , . . : . ‘gaye : - ‘oy Ts. . . . . 
| gastrocolic ulceration. Moreover, these management of benign strictures of the eso- 
IC types of reconstruction are difficult tech- phagus. 7. Thoracic Surg., 28: 345, 1954. 
l nically, and a fairlv ereat risk exists of Humpureys, Il, G. H.: Esophagitis. Surg. Clin. 
— N. Amer., 39: 351, 1958. 
n endangering the blood supply of the se | 
: Ae ' ; Lisa, J. R. & Tayitor, H. M.: Congenital mal- 
S; mobilized intestinal segments by minor | : : . 
: formation of ghe esophagus without tracheo- 
SEEUES. esophageal fistula. V. 7. State 7. Med., 48: 1622, 
9 in the present case, the operation Was 1948. 
IS simple from the technical point of view. Paine, J]. R.: Excision of extensive lye strictures 
e 
. . , _ ‘ j . , = ; —“7. O£9 
- the postoperative course was practically of the esophagus. WV. 1. State 7. Med., 1: £028, 
195] 
\e lree irom So lj _ - , ‘ : . : 
nplications, and no pyloro- ai laa 
e ; Pp? Ropertson, R. & SARGEANT, |. R.: Reconstruc- 
ve r Pe 7 ae 21) ee he , ° »y” ‘- . . ‘ 
nyotomy was necessary. Furthermore tion of the esophagus. 7. Thoracic Surg., 20: 
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hic. 3.27 months after opera- 
tion. Satisfactory anasto- 
mosis with no dilatation 
of proximal part of the 
esophagus. The stomach 
seems to have become nar- 
rowed, and takes up little 
space in the thorax. 


DISCUSSION AND CONCLUSIONS 


The management of benign strictures 
of the esophagus naturally varies accor- 
ding to the etiology, degree and duration 
of the stricture. Conservative treatment. 
with or without dilatation, leads to 
favourable results in most cases. irre- 
spective of whether the stricture is a 
congenital malformation, is caused by 
lye, or is of postsurgical nature. But in 
certain cases with advanced anatomic 
changes, a radical intervention must be 
made, and it is then necessary to resort 
to excision of the stenosed segment, and 


reconstruction of the esophagus with the 


° use of stomach, jejunum or colon. 


experience of esophagogastric ana- 


stomosis seems to indicate that this often 
leads to postoperative stricture, which 
requires constant dilatation (Holinger 
et al.; Allison et al.). Another objection 
raised to this method is that if the normal 
cardia function is removed, peptic eso- 
phagitis is apt to arise, with ulceration as 


a result of regurgitation of the gastric 


juice. The latte? complications are well 


known. and have often been reported in 
Gross. 1953: Watkins, 
Prevedel & Harper, 1954; Allison ef al.). 


Sweet and Terracol & Sweet have. 


the literature 


however, stated that these apprehensions 
are exaggerated, and that late complica- 


tions can be overcome. They still recom- 


mend use of the method, as being the 


mgst appropriate of those now available. 
© ° 
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, Extensive Esophageal Stricture of Unknown Etiology 


@ _ L[ORSTEN SILANDER and Eric CARLENS 


Any inflammatory process in or around 
the esophagus may cause esophageal 
stricture. The most common cause of 
sear stricture is due toeswallowing some 
corroding substance usually lye. Other 
causes may be due to general infection, 
conditions with vomiting, for instance, 
vomiting in pregnancy, reflux esopha%i- 
tis from peptic ulcers, tumour, etc. . 

After considering all conceivable etio- 
logical factors there still remains a group 
of cases of unknown etiology. 

A number of such cases have been 
described by Vinson (1931). He points 
out that ulcer formation in the esophagus 
must occur more frequently than is usu- 
ally recognized, but the inflammatory 


reaction is mainly superficial and _ thee 


° . + 
“constriction of the lumen. after the heal- 


ing, is so small that it will not cause any 
difficulty ya swallowing. The swallowing 
ol foreign objects may cause great ulcera- 
tions, but Vinson (1931) reported only 
one case from his material in which a 
stricture occurréd. He also reported that 
the cardinal symptom of peptic ulcer 
of the esophagus was substertréfpains 
and burning sensations. If peptic ulcers 
cause stri¢ture, these cardinal symptoms 
(Ol! 


nt to exist for a longer or shorter 


period of time before the onset of elys- 
° 
° 


phagia. In an investigation made in 
1923 of 186 cases of benign esophageal 
stricture Vinson found 18 cases or 9.6 °, 
of unknown etiology. Up to JanuarY, 
1930, he had observed 243 cases of 
benign stricture and out of these 40, 
or 16.4%, were of unknown etiology, 
implying a remarkable relative ingrease 
of cases of unknown origin. Thé know- 
ledge of this is important, as the cases 
often show great similarity to, and often 
are misdiagnosed as, tumour cases. Many 
of the patients in Vinson’s series had 
been sent to him under the diagnosis of 
esophageal carcinoma. He presents an 
illustration which invites consideration, 
viz., an X-ray picture of a case of benign 
esophageal stricture. In one of the lungs 
is seen the pistol bullet by which ,the 
patient tried to commit suicide after 
being informed of the presumed cancer 
diagnosis and his hopeless prognosis. ‘The 
40 patients (17 men and 23 women 
were aged 6 to 75. The strictures which 
were isolated, short and recessive, caused 
difficulty in swallowing as a first symp- 
tom, followed by pains. In three cases 


the pains were of the same type as in 


3 : . °o 
peptic ulcers and two of therf had also 


verihiable duodenal ulcers. In most cases 
the pains disappeared after dilatation of 
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SANpBLOM. P.: Plastic repair of congenital eso- Esophagus. Philadelphia and London, 


phageal stenosis. Acta chir. Scandinav., 97: 39, Saunders Company, 1958. 
oO 
1949. 
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Warkins, D. H., PRevepe., A. & HARPER, }. R. 
Sweet. R. H.: Subtotal esophagectomy with high A mgthod of preventing peptic esophagitis 


intrathoracic esophagogastric S&nastomosis ine followin® esophagogastrostomy. 7. 2 rect 


° ak : Mer he . 
the treatment of extensive cicatricial oblitera- ° ourg., 28: 307, 1954. 
tion of the esophagus. Surg., Gynec. & Obst., 895: YUDIN, & 5.: The surgical construction of 86 
117. 1946. cases of artificial esophagus. Surg., Gynec. & 
lerracor, J. & Sweer, R. H.: Diseases of the Obst... 78: 561, 1944. 
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Fic. |. Left: Roentgenogram 
showing the appearance of the 
esophageal stricture 7 weeks 
after illness firs? appeared. 
Richt: Roentgenogram one 
month after operation (re- 
section of the esophagus 
and cardia with esophago- 
gastrostomy). [he stomach is 
mobilised into the thorax. 
The opaque object in front 
of the stomach is a metal 
clip applied during the me- 
diastinoscopy. 


rum. Lhe patient, who had lost 30 kg, could not 
swallow his saliva and often woke up at night with 
violent coughing attacks after aspiration. A roun- 
ded density in the left lung “was discovered and 
lurther investigated. The sputum and guinea-pig 
tests were negative. Direct puncture of the process, 
bronchography and mediastinoscopy with lymph- 
node biopsy did not give any indication of tuber- 
culosis or other infectious disease. Wasserman’s 
lest was negative. Numerous attempts at dilating 
sophagus were unsuccessful. In connection 


wit these attempts nmumerous biopsies were 


mace which remained negative as to tumour or 


a specific inflammation. The density in the 1 


lune was ligerpreted as being due to aspiration. 


\Itcr one attempted dilatation the patient became 


ae 
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feverish with signs of mediastigitis and a small 


fistula could be seen on X-ray, paraesophagically. 
On 8 October, 1958, an operation was performed 
with resection of esophagus from jugulum height 
to the cardia, the stomach was brought up into 
the thorax and the fundus anastomosed to the 
esophageal stump. Histological examination of 
the ex@sed material showed thick, hypertrophi 
mucosa with a chronic unspecific inflammation. 
There were no signs of tumour, fungus or specifi 
infection. An abscess formation was found in the 
site of the paraesophageal fistula. Two days altet 
the operation the patient could swallow liquids 
and food. He was also able to be out of bed and 
gained some “weight. Ten days postoperatively 


signs of leakage from the suture hte appeared, 


170 r. 


the esophagus and were considered to Be 
caused more by spasm than by active 
ulceration in the esophagus. The stric- 
tures were located in the distal thirg 
3.5 cm or more from th@ upper teeth 
row) in rgopre than half of the cases (51). 
Of the others, 9 were in the upper and 
10 in the middle third. The difficulties in 
swallowing eften cange insidiously But in 
one case quite Suddenly. Bleodysvpmiting 
occurred in 10 patients. All but one case, 
which had a total stenosis, were dilated. 

Butt & Vinson in 1936 reported a 
series of 3032 post-mortem examinations 
in which they found esophagitis in 213 
cases. They were divided into three 
groups: Acute ulcerative esophagitis 
(75.5% of the 213), sub-acute ulcerative 
esophagitis (14.5%) and chronic eso- 
plmgitis (6.5%). Only in 32 cases, how- 
ever, had any esophageal symptoms been 
n@ticed during their lifetime, of which in 
71.9% the sythptoms appeared after 
operation for some other disease and 72 
had had vomiting. Only in one case had 
the diagnosis of esophagitis been obtained 
during life. The great majority of cases 
had serious general infections. Reser- 
vation was also made for agonal and 
post-mortem changes. Syphilis, tuber- 
culosis, actinomycosis or blastomycosis 
were not found in any of the cases. 
The esophagitis was in the majority of 
cases loca#ized to the lower third. Micro- 
scopic examination showed healing and 
proliferation of connective tissue. It was 
therefore considered reasonable to sup- 
pose that a stricture might develop on 
the site of the esophagitis, if there were 
sufficient repeated scarring. However, 
no information was furnished on strictu- 


res actually observed. . 
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Aberg accounted in 1945 for @ far jilja) 


incidence of a type of benign esoph:vea! 
stricture which at the time had beep 
contracted by 10 members of the same 
family, consisting of 7 males and 3 fe. 
males. The sole symptom consisted of 
various degrees of dysphagia and began 
in middle age. Treatment with spasmo- 
lytics gave poor result. 

“Achenbach, Lynth'*& Dtvight déserf- 
bed in 1956 a case of advanced esopha- 
geal stricture in a pafient with ulcerative 


esophagitis. The disease first appeared 


with a number of abscess formations 
which greatly affected his general condi- 
tion. Operative intervention brought 


about immediate improvement of his 
general health and the course of the dis- 
ease showed a certain analogy with that 
of ulcerative colitis. 

The following case is not unique, but 
shows such an advanced, long stricture 
of unknown origin that it may serve as 
a reminder of the existence of this disease. 


° 
CASE REPORT 


Our case (N. V. N. 12.08.17) is a 46-year-old 
turner. He contracted scarlatina in 1937 but had 
otherwise always been healthy and had never 
before bee? to a physician. After a short period 
of slight epigastrial distress he was admittegl to 
hospital on 9 April, 1958, because of protuse 
haematemesis. In direct connection with this, 
increasing difficulties in swallowing wege first 
experienced and six weeks later he was unable to 
swallow either solid or liquid matter. Simul- 
taneously the sedimentation rate rose from 95 to 
50 mm/! h. X-ray examination and repeated 


° : 
esophagoscopie#showed a long stricture from the 


jugulum height (22 cm from the teeth row to 


cardia). The process rapidly developed so that 

only a threAd-like passage remained of the lumen. 
: : ° : | 

A ggastric fistula Was applied. Severe cramp 


pains occurred retrosternally and in the epigast 


s a 
ofA ( (IRURGICA SCANDINAVIGA, SUPPL. 249: 173-183, 1959 ° e 
° 
© 
nent , sia | . 
keom the Department of Surgery II, Sabbatsbergs Sjukhus, Stockholm, Sweden 
© ° ° 
; - ° 
the ; e : 
tric. ° oO 
| ° ° 
lOn 4 ° . . ° 
oon Sliding Esephageal Hiatal Hernia 
re- 
° ° ° 
has With a Follow-up Study 
the . 
| ° ‘ ° 
re eee e* BeENGT WERNER and THURE WIKLUND Oe OR oe oo ae meee batons 8 
° 
° 
Iced : 
The In recent years interest in sliding hernias The vertex of the loop lies forward to ° 
lOw- | in the esophageal hiatus has increased the left. while branches run backwards 
= considerably. The reason for this is and downwards to the right to their 
. . a 
above all that it has been possible to attachment to the uppermost lumbar 
pre- ; .. % , ' 
establish the fact that these hernias are vertebrae. In this way there is produced 
often complicated by esophagitis, and a certain angulation between the eso- 
| that this esophagitis gives rise to a num- phagus and the stomach (Fig. |). At the 
ber of symptoms that had previously been vertex of the loop the esophagus is in 
are. explained as of nervous origin. intimate contact with the diaphragmatic 
In the present paper we wish to give musculature; but just behind the eso- 
Ws , . , 
an account of our experience from 50 phagus—before the conjunction of the 
and , * 4° . : : 
operated, uncomplicated sliding hernias two branches—there is a small triangular 
a in the esophageal hiatus. Both transtho- 
} —_ racic and transabdominal operations are 
ur- comprised in the material, but we have 
r excluded the few cases we have had in 
of which the patient has been suffering 
ws irom a very severe esophagitis with shri- 
velling and shortening of the esophagus, 
} as these cases give rise to quite other 
problems from the surgical viewpoint. 
° 
ANATOMY 
, ihe esophageal hiatus may be regar- ; 
ded as a slit in the right crus of the dia- | ih | | wer 
: _ , | , Fic. |. The right crus of the diaphragm forming 
Pun ivTn. | he diaphragmatic muscula- a loop round the lowest part of the esophagus. 
, ; 3 7 — & x he S ae 
i ture constitutes, as it were, a loop around ¢ Pigure from ban rom and im toa un side. (All 
| schemati drawings are taken from Allison, 
> the lowermost part of the® esophagus. 1951. © 
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* 
at 2 . i 
necessitating intrapleural drainage for some days. 


Seven weeks after the operation the patient was 
discharged home without any swallowing com- 
plaints. A couple of months later he rgturned 
requiring a week’s drainage of a residual pleural 
cavity. He was esophagoscoped and the minimal 
stenosis found in the site of the anastomosis was 
easily dilated. He has remained free of swallowing 


complaints. 


DISCLSSION 


During the course of the disease we 
could exclude a number of conceivable 
etiological factors with the help of a 
careful and complete history and nume- 
rous examinations. There was no evi- 
dence of tumour or specific inflammation. 
Heredity and corrosive factors were 
excluded. There was also no cardinal 
symptom of reflux esophagitis or peptic 
ulcer. The general examination did not 
reveal disease in any other organ, nor 
any general debility that may result 
from diseases such as ulcerative colitis. 
The patient denied abusing alcohol. The 
chemical analyses of blood and urine were 
normal. 

Since we have eliminated all known 
etiological factors, we have placed this 
case in the group of unknown origin. 
The most remarkable fact, howéver, in 


this case was the length of the stricture 


and the stricture’s rapid develo) nent 
after its sudden appearance. . ° 
Surgery was resorted to because of the 
numerous failures in dilating the stric. 
ture. [The remaining esophageal se tion 
then appeared to be sound. It still re. 
mains to be seen whether the disease has 
been arrested or if it will involve the 


i oO 
remaining part of the esophagus. 


SUMMARY 


A report is given ef a case of benign, advanced 
esophageal stricture of unknown etiology. The 
stricture rapidly resulted in difficulty in swallow- 
ing, which could not be improved by dilatations. 
Surgery yielded good result. 

A brief summary of the literature is also pre- 
sented. 
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‘the orm of a aiding hernia. The phre- to be of pr@lominagpt importance. Cer- 
noesophageal ligament can no longer tain authors are of the opinion that the 
withstand the strain, but is stretched to @ cardia function is not affected by the 
the point at which it allows a greater or elimination of one of the fact®rs mentio- 


lesser part of the stomach t® be pushed 
up into the thorax. That the increased 
‘ntra-abdominal pressure is of great 
importance 1s shown by, inter alia, the 
fact that minor hiatus hernia® are very 
common among pregnant women and 
that the hernias often disappear after 
delivery. Hiatus hernias are particularly 


common among multiparae. 


PATHOPHYSIOLOGY 


In normal conditions the cardia func- 
tion constitutes an absolute hindrance to 
the regurgitation of the acid content in 
the stomach into the esophagus. ‘There 
are above all three cardia functions that 
are considered to be of importance in this 
connection. (1) The cardia sphincter: 
That an actual anatomical sphincter 
exists is doubted by most anatomists: 
but even if there is no actual sphincter 


there does seem to be a functional sphinc- 


ter. (2) Through the oblique outlet of 


the esophagus into the stomach is formed, 
as it were, a valve mechanism that may 
be conceived to function when the pres- 
sure in the stomach increases. (3) The 
angulation of the esophagus at its 
entry’ in the stomach through crus dia- 
phragmatica is 


considered by many 


writers to be the most important factor 


as regards the cardia function. 

there has been much discussion as to 
which of these three factors is the most 
important. In recent years the angulation 
eflect of crus diaphragmatica has been 


considered by the majority of writers 


ned, but that cardia insufficiency would 
result frog, the absence of two of the 
factors. In sliding hernia in the esopha- 
geal hiatus the angulation conditioned 
by crus is lost and there is, furthermore, 
no longer any oblique outlet of the eso- 
phagus into the stomach, the angle bet- 
ween the two having disappeared. One 
might then expect that in consequence of 
sliding hernia the cardia function would 
would allow the 


be insufficient. and 


stomach content to pass up into the 
esophagus. This, however, is not akways 
the case, for there are frequently no signs 
of the regurgitation of stomach content 
into the esophagus. This would seem to 
support the assumption that the functional 
cardia sphincter, which undeniably exists, 
plays an important role. Further support 
for this assumption is provided by the 
experimental investigations on dogs, in 
which in different series the diflerent 
factors for the cardia function are elimi- 
nated and in which it has been found 
that the functional cardia sphincter is 
alone of importance in this respect. It 
was possible to move the stomach up 
into the thorax and allow the esophagus 
to open into the stomach without any 
angulation, but the cardia function still 


remained sufficient. However. one is not 


justified in assuming that experience 


from dogs is also applicable to man, for 
one thing, on account of the diflerent 
body-positions characterizing dogs and 
human beings, a factor which may be 
of great importance in this respect. 
Summarizing, it may be said that we 
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Fic. 2. Sliding hernia in esophageal hiatus. The 
hernial sac is formed by two layers: the outer- 
most the phrenoesophageal membrane and the 
innermost the peritoneum. Cardia and _ the 
stomach displaced up in the mediastinum. 


region in which this intimate contact 
between the esophagus and the muscu- 
lature of the diaphragm is absent. ‘This 
region is a locus minoris resistentiae, which, 
in connection with increased intraab- 
dominal pressure, may yield and permit 
the abdominal organs, especially the 
stomach, to be displaced up into the 
thorax. 

Two types of hernia in the esophageal 
hiatus are distinguished: so-called sliding 
hernias (Fig. 2) and paraesophageal her- 
nias (Fig. 3). The difference in principle 
between these hernias is that in sliding 
hernia the cardia is displaced a little 
way up into the thorax, whereas in cases 
of paraesophageal hernias the cardia is 
held in its normal position by the so- 
called phrenoesophageal ligament (a con- 
tinuation of the fascia on the underside 
of the diaphragm) and in some cases 
by a narrow strip of crus diaphragmatica. 


These hernias, however. are not onlv 


Fic. 3. Para-esophageal hernia. The hernial sac. 
consisting of the phrenoesophageal membrane 
and the peritoneum, is located in front of the 
esophagus. Cardia located below the diaph- 
ragm. 


anatomically distinguishable; they also 
differ, which is more important, patho- 
physiologically. In paraesophageal her- 
nias the cardia as a rule functions quite 
normally, i.e. there is no regurgitation of 
the contents of the stomach into the 
esophagus, whereas in sliding hernias the 


cardia function may be insufficient. 


ETIOLOGY 


The etiology of sliding hernia is consi- 
dered to be that the esophageal hiatus 1s 
wider than normal in consequence of the 
fact that the branches of the right crus 
behind the esophagus only contact each 
other some distance to the rear. The 
organ which in the first place 1s pushed 
up into the thoracic cavity because the 
pressure in the abdomen is as a rule 
higher than that in the thorax is the 


stomach. This displacement of the sto- 


mach into the thorax generally occurs 
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-ementioned 25°, one must con- 


clude that in 40°, of cases with* hiatal 


hern! 
which can explain the symptoms than 
the hernia. ° 


DIAGNOSIS 


Roentgenologic examination of the 
stomach is the most important method for 
arriving at the diagnosis of sliding hernia 
in the esophageal hiatus (Fig. 4). The 
examination should be carried out with 
the patient prone and in the [rendelen- 
burg position, as this aflords the best 
possibilities of pressing up a reduced 
stomach and at the same time of assessing 
the degree of reflux. It is Dy no means 
uncommon for the hernia to be so mobile 


that it does not appear in the standing 


% ' a. 


Roentgen picture of a sliding hernia show- 
bout 4 ofthe stomach above the diaphragm. 


yne would find some other disease ® e 
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or horizontal positions and may then 
easily, be overlooked. The examination 
should also include a roentgenogram of» 
the esophagu#in order te exclude stric- 
tures, ulcerations or tumours, One ought 
further to make it a rule at the same time 
to make a roentgen examination of the 
gall-bladder of these patients. From the 
point of view of diflerential diagnosis spe- 
cial attention should be drawn to the fact 
that hiatal hernia may from a roentgeno- 
logic examination of the chest be wrongly 
diagnosed as mediastinal tymour, pul- 
monary cyst or abscess. 

A valuable supplement to the roentgen 
‘This 


examination, however, may be reserved 


examination is esophagoscopy. 
only for patients with an obvious® dys- 
phagia and in whom the roentgenogram 
of the esophagus has shown changes re- 
quiring more careful elucidation and 


possibly a biopsy. 


INDICATIONS FOR OPERATION 

The treatment of hiatal hernia may 
be either internal medical or surgical. 
‘The 


@ _ e 
symptomatic. With operation one can 


conservative treatment is. only 
restore normal conditions. In order to be 
able to state the indications for operation 
confidently, it is important to know the 
future prospects for patients who are 
not operated upon. Experience here 1s 
not unanimous; but it is obvious that the 
risk of future complications is not slight 
1957 


If the patient develops an esophagitis 


Buchanan, Bowers & Sullivan, 
concerning whose frequency in cases of 
sliding hernia varying data exist — severe 
complications with bleeding and _ eso- 


phageal strictures may arise. To this 


do not definitely know which factor or 
facyyrs may be most important for the 
retention of a normal cardia function, 
and consequently we do not know either 


why patients with sliding fernias some- 


times develop esophagitis and sometimes 


not. 
° 


° S ° 
INCIDENCE 


Minor sliding hernias in the esophageal 
hiatus are rather common. In 1935 Rig- 
ler & Eneboe found that 18% of preg- 
nant multiparae had such hernias, but 
that after delivery the hernia disappea- 
red in two-thirds of these cases. In the 

e majority of published materials the 

females are predominant, but there have 
also been materials in which males pre- 
dominated (e.g. Brick, 1949). Fat persons 
seem to get these hernias more frequently. 
Most of the patients are over 50 years 
of age. 


SYMPTOMATOLOGY 


To put the diagnosis of hiatal hernia 
on the basis of subjective symptoms alone 
is difficult, as the symptoms vary and 
frequently resemble those of other abdo- 
minal or thoracic affections. 

In hiatal hernia the dominating symp- 
toms derive firstly from the presence of 


the stomach in the thoracic cavity, and 


secondly from the dysfunction in the 


cardia region causing a reflux af the 


stomach content to the esophagus. The 
bulging of the stomach sac in the media- 


stinum gives rise to epigastric or subster- 


nal pains after meals and to a feeling of 


tension or pressure. Nausea, vomiting and 
intermittent dysphagia are common 
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symptoms. Shortness of breath ap J pre- 


cordial trouble @metimes occu toge. 
ther with radiation to the left s} ulde 
and afm, which may lead to an ery. 
neous diagngsis of angina pectoris. The 
reflux of acid gastric juice to the CSOp- 
hagus causes a discomfort described @ 
as heartburn and acid regurgitation, te | 
typical feature is that the horizontal | 
position provokes reflux, and these Da- 
tients accordingly feel acute discomfor 
when they bend forward and discomfor 
at night that may force them to sleep 
in a half-sitting position. A less common 
but serious symptom is hematemesis, 
where the bleeding may derive from the 
inflamed part of the esophageal mucous 


membrane or from the herniated part of 


the stomach. | 
It is obvious that in many cases hiatal | 
hernia, exists without the patient expe- 
riencing any subjective symptoms (Brick 
& Amory, 1950). In other cases it may 
be difficult to decide whether the hernia 
is of any importance for the symptoms 
because in patients with hiatal hernia 
one often finds other diseases, e.g. ulcer 
and gallstorfe, which may give rise to 
the same trouble as the hiatal hernia. 
In Brick’s material from 1949 including 
108 patients with hiatal hernia, other 
diseases which might explain the symp- 
toms were found in 25% of the cases: 
these were, as a rule, duodenal ulcers. 
Esophagitis was found in only | °% of the 
cases. The bile ducts or the gallbladder 
of these patients were not examined. 
From other investigations (Wilkinson,® 
1934; Polley, 1941; Jones, 194! @ is 
known, however, that among patients 
with sliding hernia one ffds gallstones 
in about 15%. If one adds this 15% 
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ne Material e 
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‘he clinics aterial represents our 
1 ac. order to more easily® be able to explore the clinical material represents out is 
experience tro * surgical trez ‘nto 
d by the esophageal hiatus, the suspensory xperience from the surgical treatment of 
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onl) ligament of the left lobe of the liver is patients with sliding hernia in the 
: | esophageal hiatus fro 952 up to anc 
mical divided and the lobe held to the right phageal hiatus from | up to and 
+) 1. ca including November, 1958, at Sabbats- 
Cdon with a hook. The hernia is reduced by cluding vember, | 5 Sa 
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which the peritoneum and the phreno- 
aiial 1 Sex and age 
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Il be The right crug of the diaphragm, which sliding hernia, 37 were women and 13 7 
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Har- done without damaging the muscle 
retta fibres. The esophageal hiatus is closed so Operatwe methods 
One as to allow only the passage of the eso- During the 17-year period covered by 
CS 1S phagus and the tip of the forefinger. the follow-up study a varying technique 
3 ‘ 
arty The incised edges of the peritoneum and for the repair of hiatal hernias has been 
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ntra- sutured to the under surface of the dia- cic and the transabdominal operations. 
3° 
as a phragm together with a few sutures bet- Formerly we most frequently operated 
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must be added the risk of strangulation not at present constitute any najor 
of the hernia. In some cases with large problem. 


sliding hernias we have seen very large 
gastric ulcers appearing precisely in that 
part of the stomach adjacent to the wide- 
ned esophageal hiatus. i 

In our opinion there are absolute indi- 
catio® for operation in cases showing 
symptoms of esopbagitis and in all cases 
with large hernias, as experience shows 
that these hernias may produce pressure 
on the adjacent thoracic organs and are, 
furthermore, more exposed to the risk 
of strangulation. By large hernias we 
mean those in which 4 of the stomach 
or more is above the diaphragm. Rela- 
tive indications for operation exist in 
those cases in which the genesis of the 
patient’s abdominal trouble is not clear, 
but where the diaphragmatic hernia may 
be provoking the symptoms. We also 
consider it to be indicated that in patients 
undergoing operation for ulcer or chole- 
lithiasis an existing hiatal hernia should 
be repaired at the same time, as this 
may very well have given rise to a num- 
ber of the symptoms. 


OPERATIVE METHOD 


‘The method for the operation of sliding 


hernia has varied in the course of the 


years as regards both closure technique 
° 


and the line of attack via the thorax or 
abdomen? Since the rapid development 
of thoracic surgery in the 1940’s, the 
transthoracic operations have been pre- 
dominant, and with the operative me- 
thods devised by Sweet (1948 and 1952), 
Allison (1951) and Husfeldt (1952) sugh 
entirely satisfactory results have been 


attained that the technique itself does 


* During the last few years we have 
the Sabbatsbergs sjukhus operated ac. 
cording to the principleg designed }y 
Allison, as we consider that this not onh 
takes into account a good anatomical 
result, but also ensures that the function 
in the cardia region shall be restored 
to normal conditions. 

Allison operates on his patients trans. 
thoracically, but he is of the opinion that 
the enlarged hiatus may just as well be 
closed transabdominally according to 
the same principles. Several writers 
draw attention to the advantages of 
the transabdominal operation and have 
not in this connection found any in- 
creased frequency of recurrence (Har- 
rington, 1955; Beardsley, 1956; Beretta 
& Jordan, 1957; Carver, 1958). One 
of the most important advantages is 
that one can at the same time carry 
out a complete abdominal exploration. 
Although the occurrence of other intra- 
abdominal pathological states can, as a 
rule, be established preoperatively, it 1s 
nevertheless in certain cases not possible, 
with current methods of examination. 
to reveal their existence. It should also 
be taken into account that the hernias 
are not located in the pleural cavity but 
avithin the posterior mediastinum. Owing” 
to the possibility of pleur’l complica* 
tions, it is not advisable to open the pleu-” 
ral cavity when an operation from the 
abdomen admits of a satisfactory repair. 
Moreover, an operation from the thorax 
in many cases more or less impairs the 
lung function through adhesions between 


the pleural surfaces. ® 
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similarly, a patient with hiatal hernia 


shouid always have a roentgen examina- 


tion of the gall-bladder. In our material 
14 cholecystectomies and | cholecysto- 
lithotomy were performed. In all the 
cases with gastric ulcer we _ restr®ted 
ourselves to an excision of the ulcerous 
region, an operative method that other- 
wise gives poor results with “ulcers; but 
in cases like these, where the hiatal 
hernia probably played an essential role 
in the origin of the ulcer, it should be 
sufficient, as at the same time the hiatal 
hernia was radically operated on. In all 
cases the ulcer was located in that part 
of the stomach which through pressure 
against the esophageal hiatus was pos- 
sibly exposed to disturbance of the circu- 
lation. Both the duodenal ulcers were 
treated with gastric resection ad modum 
Billroth II. Three of the gastric ulcers 
are included in the group operated upon 


transthoracically. 


Complications 


Owing to the close contact between 
the spleen and the upper part of the 
stomach, it is understandable that one 
of the commonest complications in the 
repair of hiatal hernia should be damage 
to the spleen. In 6 cases the spleen cap- 
sule was ruptured, and the ensuing 
bleeding waseso severe in 5 cases that the 
spleen had to be extirpated, while in 
one case it was possible to stop the bleed- 
ing with capsular suture. 

\lore serious postoperative camplica- 
ions which were a direct consequence 
ol the operation forehiatal hernia, occur- 
rec in three cases. These wert empyema, 
mediastinitis and ileus of the small inte- 


\T ‘> ° 


os 


Résults of the surgical tyatmens 


Assessment of the results of the surgical 
treatment was based on @ follow-up 
study of 45 patients. Five patients had 
died before the follow-up study .was 
carried out. One patient aged 78 years 
who was operated upon transthoracically 
died | month after the operation from 
cardiac, incompensation. A further 4 
patients died a long time afterwards 
without*any connection with the opera- 
tion. In all cases the follow-up study 
consisted of roentgenologic examination 
of the stomach and an analysis of any 
subjective symptoms. 

In 4 of the 45 patients the hernia 
recurred. In all 4 cases the operative 
method applied had in essential points 
deviated from that described by Allison. 
Three of these cases had been operated 
upon transabdominally and | from the 
thorax. In two of these cases the remanent 
symptoms were so severe and the hernia 
of such an order of magnitude that re- 
was After this 


operation necessary. 


there was no recurrence. In the two 
remaining cases there was major hernial 
recurrence, but the patients had no 
symptoms, so no further operative mea- 
sures were undertaken. ‘The majority of 
the remaining 41 patients without recur- 
rence were free of subjective symptoms. 
Although the roentgenologic examina- 
tion had not revealed any recurrence, 
14 patients had more or less persistent 
symptoms which on the whole agreed 
with those occurring before the operation 
In no case did the roentgenologic exa- 


mination reveal any gastric ulcer. 
tt - = 
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° 
abdominally. Righteen p@tients have 
JPeen operated on from the the thorax 
and 32 patients from the abdomen. 
Since, as already mentioned, we* have 
drawn attention to the advantages of 
Allison’s operative method as regards 
both the 


tional result. we have for the last few 


anatomical and the func- 
years consistently applied this method, 
though with the modification that the 
operation has been performed transab- 
dominally. For the sake of comparison 
the transthoracically and the transab- 
dominally operated patients have been 
divided into two groups: those operated 
upon with Allison’s method and a mis- 
cellaneous group in which varying tech- 
niques have been applied, the latter 


** 


under the heading ‘‘ Atypical operation” 


in the table (see Table 1). 


Reducible and irreducible hernias 

In many cases sliding hernias are 
reduced when the patient stands up, 
but in other cases the hernia remains in 
the thorax, even when the patient is 
standing. Many writers have considered 
that in these last-mentioned cases the eso- 
phagus is shortened, and in this way 
holds the hernia above the diaphragm. 
This has been taken as an argument in 
favour of operating on such _ hernias 
with thoracotomy, as this would afford 
a clearer survey of the conditions obtai- 
ning. Experience shows, however, that a 
really short esophagus is very uncommon 
in cases of hiatal herniaeand occurs, prac- 
tically speaking, only in cases with 
severe esophagitis, in which shrinking 
and shortening of the lower part of the 
esophagus have taken place. If there is 


— © 
no pronounced esophagitis, then one ma¥ 
o 
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count on the esophagus being of 1 rmalg 
length. In our series the hernia was irre. 

ducible in the standing position in 3¢ 

cases. Nineteen of these were operated 

upon with laparotomy, and in no cage 

was any Uifficulty experienced in pulling 

the hernia below the diaphragm, even jf 

the hernia comprised practically the 
entire stomach. 

An hiatal hernia that is irreducible jy 
the standing position does not constitute 
an indication for thoracotomy except 
in cases in which there is severe eso- 
phagitis with shrinking of the lower part 
of the esophagus. These last-mentioned 
cases constitute a special surgical prob- 
lem which falls outside the scope of this 


paper. 


Associated diseases 

In 23 of the 50 cases it was necessary 
to undertake other operative measures 
at the same time as the hernia was 
operated upon. It is very interesting to 
observe that 15 patients were at the same 
time operated on for cholelithiasis, 6 
patients for gastric ulcer, 2 for duodenal 
ulcer and one for ovarian cyst. One ol 
the cases was operated upon simulta- 
neously for both cholelithiasis and gastric 
ulcer. Furthermore, 7 patients had been 
previously operated upon for cholelithia- 
sis. Some of these last-mentioned cases 
had a continuation of symptoms, and it 
is possible that even at that time they 
had an undiagnosed hiatal hernia. For 
this reason, in the case of a cholelithiasis 
patient who does not manifest clearly 
characteristic symptoms, one should 
always take a roentgenogram of the 
stomach withe special attention to the 
possible ocgurrence of hiatal hernia: and 


} 


ee 
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CONCLESIONS AND SUMMARY 

Sliding hiatal hernia is a not unqgom- 
mon complaint frequently giving un- 
characteristic symptoms which may si- 
mulate all kinds of abdominal and thora- 
cic diseases, e.g. ulcer, cholelithiasis and 
angina pectoris. Undoubtedly sliding 
hernia can sometimes be entirely asymp- 
tomatic. One often finds these hernias 
simultaneously with other diseases in the 
upper part of the abdomen, so that in 
the actual case it may be difficult to 
decide upon the source of the patient's 
symptoms. In some cases the cardia 
function is, disturbed, resulting in eso- 
phagitis. In cases of esophagitis there 
is the threat of complications in the form 
of bleedings and stricturing of the lower 
end of the esophagus. Major hernias 
encroach upon the space of the thoracic 
organs and risk becoming incarcerated. 
All major hernias and all hernias with 
esophagitis should be operated on; and 
the authors are also of the opinion that 
any sliding hernia should be repaired in 
patients who are undergoing operation 
for cholelithiasis or ulcer, even if the her- 
nia is small and there is no esophagitis. 

Previously these hernias were operated 
upon in all sorts of ways. The enlarged 
hiatus, for example, was closed by sutu- 
ring both in front and behind the eso- 
phagus; a number of surgeons incised 
the diaphragm from the esophageal hia- 
tus up towards the dome of the diaphragm 
and shifted the hiatus up towards the top 
of the dome. ‘These and similar operations 
were connected with a high frequency 
of recurrence, e.g. Husfeldt (1952) and 
Stensrud (1954). With the operative 
methods described by Allison (1951) and 


Husfeldt 


1952) the freguency of recidi- 
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vation has been much reduced, e, 

Stensrud (1954) and others, who have 
+ 

operated according to Allison, ang 


Malm (1958), who has operated accord. 
ing to Husfeldt. We consider the opera. 
tive method described by Allison to be 
the best. 

In recent years there has been much 
discussion as to whether thoracotom 
or laparotomy should be adopted in 
these cases. The authers are of the opi- 
nion that the abdominal approach is the 
most suitable. We think this is motivated 
l) If 


one operates from the abdomen. One Can 


above all by three considerations: 


at the same time make a thorough explo- 
ration of the abdomen, which is of the 
greatest value, since in many Cases one 
does not know whether the symptoms 
derive from the hernia or from some 
abdominal affection. (2) Any operation 
for cholelithiasis, ulcer or other abdomi- 
nal disease that may be called for can 
be undertaken at,the same time. (3 
After every thoracotomy one runs the 
risk of a certain impairment of the lung 
function. As in these cases one has gene- 
rally to do with somewhat older and fat 
persons, it is of particular importance 
to avoid interfering wth the lung func- 
tion. The opponents of the transabdo- 
minal operation are of the opinion that 
it is easier and safer to perform the opera- 
the We 


experience of both methods, and we are 


tion from thorax. have had 
convinced that the abdominal approach 
affords at least as good a survey of the 
operative field and equally good oppor- 
tunities of operating according to Alli- 
son’s principle. 

The authors’ material consists of 90 


cases, in 45 of which a follow-up study 


Real 


a J 


te 


i 


« 
THROMBO-EMBOLIC COMPLICATIONS IN MITRAL .COMMISSUROTOMY . lf . 


07 \2O- ' . " 2 OS 
Se ae he ae he 


_— ‘ 


O 


No of cases with colcitied volves C2 


ccs ee RRR se tent aa 


Kio. |. Ag® and sex distribution. 


-alcification, and on re-operation it was 
obvious that the return of symptoms had 
been caused by continued accretions of 
ealcium while the commissures were 
still open. In a further two cases 
where exploration revealed a yirtually 
pure insufficiency, the valves were like- 
wise left intact. In all the other cases, 
with pure or predominant _ stenosis, 
commissurotomy was carried out either 
digitally or instrumentally. 

Two patients died in connection with 
the operation. One of them (case 4/, 
A. H.) had as well as valvular calcifica- 
tions, an adhesive pericarditis with depo- 
sits of calcium, and died 19 days after 
the operation from combined circulatory, 
respiratory and renal insufficiency. [he 
other (case 60, E. K.) had also valvular 
calcifications and considerable insuffi- 
ciency in the mitral ostium, as well as 


an associated lesion of the aortic valves. 
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This patient died in heart failure on the 
third post-operative day. Neither of these 
patients was found at operation to jlave 
any thrombus ig the atrium, and there 
ere no siggs of calcium embolism. 

The distribution of the material with 
reference to age and sex is shown in Fig. 
|. All patients belonged to the functional 
groups II—IV, the majority being in group 
[fl, and all but one had undergone car- 
diac catheterization before the operation. 

Varying degrees of calcification of the 
mitral valve were observed at operation 
in 29 of the patients (approx. 30°.) and 
occurred in all ages except in the group 
Half the 


men over 30 years had calcium in their 


under 30 years (see Fig. 1). 


valves as against + of the women. Valvu- 
lar calcification occurred in association 
with both sinus rhythm and atrial fibril- 
lation, but was commoner among patients 
with fibrillation. It was also encountered 
more frequently in cases with pronounced 
enlargement of the heart than in those 
with moderate enlargement (see Fig. 2). 
Attempts to determine the presence of 
calcification preoperatively by screening 
were not made consistently except jn 
the latter half of the series. In only I] 
cases out of 18 with valvular calcifica- 
tion seen at operation had this been 
previously shown by fluoroscopy. With 


improved technique, however, it should 
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, The occurrence of fresh thrombi in the prognosis. The immediate risk with 
left atrium in cases of mitral stenosis calcified valves, however, is the fact that 
° o . . . 

constitutes a serious complication from when the valves are dilated fragments of 
the point of view of heart surgery. During calcium may be torn off and give rise 
the operation such thrombi may become to embolism. There is at present no 
detached and give rise to embolism, known medical treatment which can 
perhaps so severe as to threaten the life hinder valvular calcification, so the 
of the pauent. In pre-operative care prevention of possible calcium emboli in 
therefore, as in conservative treatment, connection with the operation is purely 
one must try to preclude the formation a problem of surgical technique. 

of intracardiac thrombosis or to acce- We shall give here an account of our 
lerate the organization of already existing experience of thrombotic and embolic 

. . ° 
thrombi, and prevent further agglutina- complications in the surgical treatment 
® 


tion of these. 

Favourable experience with such pro- 
phylaxis in patients with recurrent embo- 
lism has been reported by e.g. Cosgriff 
(1953) and Carter, McDevitt, Gatje & 
Wright (1958) who found the incidence 
of recurrence considerably reduced dur- 
ing treatment with dicumarol. There 
were, however, no operated patients 
included in their series. 

Another important complication in the 
operation for mitral stenosis is calcifica- 
tion of the valves. Where this is extensive. 
it is Our experience that the prospects 

° of a functionally good result are greatly ® 
The 


calcifications by means of fluoroscopy is 


° reduced. demonstration of such 


gherefore important for assessment of the 
° 


of mitral stenosis. 


MATERIAL 


Incidence of valvular calcification and 
intracardiac thrombosis 

The material consists of the first 100 
consecutive cases operated upon al the 
Gothenburg Children’s Hospital* during 
the period March 1952 to February 1999. 
One of these (case 81, J. U. 070723) had 
been operated upon seven years pre- 
viously by Prof. Crafoord with a prima- 
rily satisfactory result. On that occasion 
there was already considerable valvular 


* The hosprtal has for various reasons Deen 
the only centre for cardiac surgery in Gothenburg 
and surrounding parts of Sweden; this applics te 
adults as well as children. 
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Prothrombin Jove: 


Weeks bevovre ap 


had no preoperative dicumarol treat- 
‘ment. 9 had thrombi in the’ left atrium. 
seen at operation. [wo of these had only 
a small organized thrombus in the auricle: 
one had a large disc-shaped thrombus 
which adhered firmly to the lateral wall 
of the atrium; one had a couple of small, 
polypous thrombi; and the fifth had an 
abundance of fresh thrombi in the atrium. 

Of the 35 patients with fibrillation 
received dicumarol 


who treatment. 5 


again had thrombi in the left atrium. 
37, B. 


thrombus in the auricle 


One of these (case J.) had in 
addition to a 
a polypous thrombus about the size of 
a digital phalanx just beside the mitral 
ostium; both of these appeared to be 
organized. Of the remaining cases, two 
had, apart from a thrombus in the auricle, 
a large organized thrombus which in 
one case (case 30, K. P.) was polypous, 
and in the other disc-shaped, firm, and 
adherent to the lateral atrial wall (case 
a he Ei . All these three had had embol1 
before operation. The other two cases, 
which had no history of embolism, had 


morg or less fresh thrombi. One of these 


case 66, EK. P.) had a fresh thrombus. 


more than thumb-sized, “immediately 
below the very constricted auricular 
ba: In this patient the prothrombin 
oe 48 according toe Quick-Lehmann 


© 


Lehmann, 1941) was held below 50 
G) } weeks, after which the treatmént 
° % 
° — 
e o : e 
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account of a liver 
in 


Case ZY, G. UC.) operation revealed 


was discontinued on 


biopsy’ (see Fig. 3). the other case 
abundant floating thrombi, partly fresh. 
The prothrombin index here was at a 
satisfactory level for a week before opera- 
tion (see Fig. 3), but had probably been 
higher previously; there are, however, 
no data concernings the prothrombin 
level during the 2—3 months of treatment 
before admission. ' 

Among the possible causes of failyre 
of dicumarol treatment in the last two 
cases, the following may be mentioned. 

(i) The period of eflective treatment 
may have been too short. Cartey et al. 
(1958) were able to show a continued 
reduction of the incidence of recurrence 
during dicumarol treatment up to 6 
weeks after an embolic episode; beyond 
this period no further reduction was 
obtained. This would indicate that treat- 
ment with anticoagulants should be 
given for at least 6 weeks in order to 
ensure the best possible result. Uhe treat- 
ment must also be adequate, 1.e. the 
prothrombin index according to Quick 
Lehmann should be between 30 and 
50-60 (Lehmann, 1943), corresponding 
to a P & P concentration according to 
Owren of between 10 and 30 °%@ Owren 
&® Aas, 1051). 


fi) The treatment may have been 
discontinued too abruptly. Carter_el al. 
e © 
° 
° ° 
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be possible to obtain a positive roentgen 
diagnosis in a higher proportion of cases 
Bartley, 1958). 

Sixteen of the patients had had clini- 
cally diagnosed embolism (e.g. brain, 
legs) | month to 8 years before the opera- 
tion. Three of these had two or more 
embolic episodes. Multiple embolisms 
fave in untreated material been consi- 
dered to occur in more than half of «all 
of the 


° oT 
recurrences appearing within 6 months 


cases embolism, majority of 
after the previous attack (Daley, Mat- 
Holt, Bland & White, 1951; 


Cosgriff, 1953). As operation was only 


tingly, 


in exceptional cases performed within 
suclf a short period, the relatively low 
incidence of recurring embolism in our 
material can therefore possibly be ascri- 
bed to treatment with anticoagulants. 
A further six patients had suspected 
systemic emboli, which were difficult to 
diagnose, however, on account of their 
obscure symptoms, or their localization 
e.g. kidneys, mesenterium). The same 
applies to lung emboli, which occurred 
in a few cases. 

Only in 3 of the 16 patients with 
previously diagnosed systemic embolism 
was any thrombus revealed in the left 
atrium at operation. One cannot, how- 
ever, exclude the possibility that mini- 
mal thrombi may have been overlooked. 
According to de Otaduy (1956), these 
are rather common and are difficult to 
demonstrate. In ¥ cases the auricle was 
shrivelled, indicating an earlier throm- 
b&%tic process. Of the 84 patients who had 
not had any definite clinical signs of em- 
bolism, 8 had thrombi in the atriume e 

Practically all cases with ghrombo8is 
and/or embolism 


° » bd 
approx. 25° of the 
° 
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total material) had atrial fibrillation, (ce. 
Fig. 2), 
what other authors have found. Dale, 

"7105 ° 7 
et al. (1951), *for instance? observed 
' , .°6 : ;, 
fibrillation in 90% of their conserva. 
, ° : , — 
tively treated series of embolism, of which 
97%, comprised mitral valve lesions: and 
Belcher & Somerville (1955), who found 
thrombi in the left atrium in 68 of thei 

Oa< ee e 2.8 , ¥ re 

430 operated cases of mitral stenosis. 
reported fibrillation in all of these. Ip 
our series there was about the same per- 
centage of emboli in patients with mode- 
rate enlargement of the heart (i.e. heart 
volume 450-600 ml per sq. meter body 
surface) as in those with more pronoun- 
HOO 
ml per sq. meter). Intracardiac thrombi, 


ced enlargement (1.e. heart volume 


on the other hand, were found chiefly in 
patients with large hearts (see Fig. 2). 
The majority of these had no manifest 
emboli, which can perhaps be related to 


the impaired circulation in these cases. 


PREOPERATIVE DICUMAROL 
TREATMENT 


All patients with a history of clinically 
established or suspected embolism were 
given dicumarol, either continuously 
or at least for several weeks following the 


embolic episode. Several patients who 


,~had not had emboli were also treated 


prophylactically with dicumarol, some- 
times for months, but as a rule only for 
the few weeks immediately preceding 
operation. In all, 11 of the 50 patients 
with sinus rhythm and 35 of the 9U 


fibrillation cases were treated with ant- 


findings only in the fibrillation cases. 


Of the 15 patients with fibrillation ghoe 
° 


which is in good agreement with } 


' 
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oO 
fragments have been left to be washed 
out W the blood stream through the 
incision. ; 


No thrombus in the auricle has given 
‘ise to embolism in connection with the 
operauion. 

Disc-shaped thrembi, attached to the 
atrial wall, were found in_ two 
case 10,°K. A.; case 58, R. L.). In both 


cases these thromlSi were attached to the 


Cases 


‘fside of the lateral wall of the atrium 
and extended from the auricle down to 
the annulus tendinosus. They were oval 
in shape and |—2 cm in thickness. [They 
had tapering edges and on the side 
the 


directly into the endocardium. The edge 


adjacent to atrial wall merged 
of one of these thrombi was submitted 
for microscopic examination, and showed: 
“Typical mixed thrombus, partly in 
process of organization and partly trans- 
formed to connective tissue.” 

These thrombi were in all cases left 
in situ for continued organization, and 
in no such case was commiussurotomy 
tollowed by embolism. 

Polypous, floating thrombi were ob- 
served in five cases. These thrombi also 
derived from the lateral wall of the at- 
rium. Their size varied: in three cases 
were thumb-sized (case 29, G. C.: 
10, K. P.; case 86, E. 


there 


they 
case P.): in a fourth 
two floating finger- 
case 80, E. S. 


the fifth case the thrombus was no longer 


Case were 


sized thrombi and in 
or thicker than a digital phalanx (case 
me  : 

Lhe surgical technique varied in 
accordance with the type of thrombus 
ne degree of its organization. The 
bas principle haS been to leave intact 


. e , he Se 
th nronfoi which could be presumed 
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to be in process of organization and 
whose localization did not constitute an 
obstacle to the performance of commis- 
surotomy. Uhronfectomy was performed 
in two cases. In the one case (case 37, 
B. J.) a thrombus the size of a finger- 
tip was extracted near the mjtral cusps 


with a specially-constructed thrombus 


. J 
forceps. The operation was performed 


with temporary bilateral clamping of 
* ’ | 


the carotid arteries according to Bailey 
‘Bailey, Olsen, Keown, Nichols & Jami- 
1952). ‘There was in this case no 


the 


Son. 


embolic complication. In second 
| ae aes 


and 


case (case two plumsized 
thrombus 


the 


thrombi one smaller 


were extracted digitally through 
auricular incision. In this case the caro- 
tids were not clamped off and embolism 
ensued in the iliac artery. The offending 
embolus was palpated just as it vanished 
through the mitral ostium, and was 
estimated to be about the size of an 
almond. This patient also had an embo- 
lism in the ophthalmic artery. 

As already mentioned, calcifications 
of the mitral cusps were found in 29 
cases. In ten of these they took the form 
of excrescences which could easily be 
torn off in the course of commissurotomy, 
and give rise to embolism. To preclude 
this possibility, a temporary, bilateral 
clamping-off of the carotids according 
to Bailey was resorted to in the miajority 
of cases. For technical reasons in one 
case (case 77, B. L.) only the left carotid 
was clamped off, and a right-sided cere- 
bral embolism occurred. In two other 
cases there were cerebral complications 
despite temporary clamping olf the caro- 


ad 7 
a ee 


case 33, L. J.; case 604, 
one case it was possible to get hold of a 
Cc 


tids 
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e 
1958) observed a higher frequency of 
recurrence particularly among patients 
avho had prolonged treatment, when this 
had been abruptly discontinued, than in 
the same patients when they were with- 
e out treatment at all (the so-called ‘‘re- 
bound phenomenon’). 
(1953) they therefore recommend gra- 
dual diminution of the dose before treat- 
ment is entirely discontinued. According 
to Carter et al., however, the increased 
risk of recurrence is not so*much in evi- 
dence during the first week after the 
discontinuation of the treatment as 
during the subsequent 5—6 weeks. 
From this investigation it emerges (a) 
that complete organization of intracar- 
diac thr6mbi may occur without anti- 
coagulant treatment, and (b) that fresh 
thrombi may be found at operation de- 
spite such treatment, though it is conceiv- 
able that the treatment was not conti- 
nued long enough or had in some other 
manner fallen short of the ideal. In such 
a limited series, and with a lack of uni- 
formity in treatment, it has unfortunately 
not been possible to show whether pre- 
operative treatment with anticoagulants 
the 


thrombi, and with it the risk of embolism 


reduces incidence of intracardiac 


in connection with operation. 
The 


treatment in cases of recurring embolism, 


favourable effect of dicumarol 
which has been reported from several 
quarters, supports, however, the inclu- 
sion of such prophylaxis in the preopera- 
tive treatment of mitral stenosis. Our 
own experience and that of others seems 
to indicate that this prophylaxis should 


. ‘ e 
not be restricted to cases with a history 


of embolism, but that other patients 
é 


with atrial fibrillation. and at least those 
° 
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with marked enlargement of the hear 
should be treated with anticoag lan | 
The indications must here be ighed 
against the risks and the practical diff. 


culties connected with such treatment 


[t is possible that the demonstration of 
thrombi in* the left atrium by angio- 
cardiography may be a valuable aidejy 
the weighing of pros and cons. We have 
no experience of this method of examina- 


tion, however, in cases of mitral stenosis. 


SURGICAL VIEWPOINTS 


Three diflerent types of thrombi were 
observed in this series: (1) Small auri- 


cular thrombi; (2) large disc-shaped 
thrombi attached to the atrial wall; (3 
large polypous thrombi. 

Small auricular thrombi were seen in 
nine cases. In two cases they had direct 
continuity with thrombi attached to the 
atrial wall. In three cases they were 
associated with polypous thrombi in the 
atrium. Organization of a thrombus in 
the auricle is followed by shrinking ol 
the latter; in seven cases such shrinking 
was noted indicating earlier thrombosis. 
In two of these cases the shrunken auricle 
was associated with polypous thrombi. 

In cases where a thrombus was pal- 
pated in the auricle on exposure of the 
heart, we first tried to ascertain whether 
it was isolated or whether it had cont 
nuity with a thrombus fixed to the atrial 
‘all. In the former case, the base of the 
auricle was clamped off, after which the 
auricle was opened and evacuated. In the 
latter case, the heart was opened without 
previous clamping-off and as much 
thrombus extirpated as was necessary ll 
give access to the®auricle. The thrombus 


oo 
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15 seconds’ bilateral clamping of the These four cases with primary embo- 
; * 4 
-arouds during the “commissurotomy. lism complicating operation illustrate 
[his patient also showed post-operative the importance of surgical prophylaxis 
-oma (like protracted narcoti® sleep) for by clamping the carotids during the 


{ hours, without signs of shock. ‘Tracheo- 
fomy Was performed because of Stagna- 
Hon of mucus in the respiratory passages. 
However, the patient woke up relatively 
quickly without any definite neurological 
symptoms, and alter a further 6 hours 
she appeared clinically normal. The 
third case with advanced calcifications 
of the mitral cusps but no atrial thrombus 
case 64, F. A. 


briefly during the commissurotomy. [his 


had the carotids clamped 


patient awoke quite normally after the 


anaesthetic, but some hours later he 
complained of flickering vision in the 
left eye. An ophthalmic examination 
showed partial limitation of the field of 
vision in this eye following embolism in 
the central artery of the retina. 

S.) had 


thrombi in the left atrium but no valvu- 


The fourth case (case 80, E. 
lar calcifications. In this case the carotids 
were not clamped off during commissuro- 
tomy. The patient awoke normally from 
the anaesthetic, but the same day she 
showed signs of a left-sided hemianopia 
indicating damage to the optic tract 
possibly caused by an embolism in the 
striate area. In the same patient, there 
were signs of embolism in the right exter- 
nal iliac artery. After 24 hours there was 
diflerence in 


a maximal temperature 


between the two legs at knee level of 


oC, 


The 


mobility in the right leg was, however, 


circulation and even the 
so sttistactory all the time that embo- 
lectomy did not seem indicated. All the 
vmiptoms abated in the course of the 


he’ LWO weeks. 


intracardiac manipulation. This applies 
not only to cases with atrial thrombi, 
but also those with calcification of the 
and* 64 


show the risk of making this clamping 


mitral valves. Cases 33 both 


off too brief. There is evidently no gua- 


rantee that a detached embolus will 


follow the most rapid central blood 


stream. and one must reckon with an 


occasional “‘delayed’’ embolism. 
‘This 


with secondary thrombosis and embolism 


series also includes two cases 


The first patient (case 47, A. H.) had a 
stormy post-operative course but no 
primary signs of embolism. On the 16th 
day he showed signs of thrombosis in 
both right arm and right leg. Heparin 
and dicumarol were administered, but 
two days later, when the prothrombin 
index was 4/7, the patient got an embolus 
in the left popliteal artery. The following 
day the patient died of acute anuria with 
The 


P.) had thromb: 


steeply rising serum potassium. 


second case (case 86, E. 
in the left atrium at operation, which 
was completed without clamping off the 
carotids. ‘There was atrial fibrillation 
before and after operation. ‘The post- 
operative course was completely normal 
until the 4th day, when signs of right- 
sided cerebral embolism with facial 
paresis were observed. These signs dis- 
appeared after 6-7 hours, and the further 
post-operative course was uneventtul., 
As regards secondary thrombosis and 
embolism, it is interesting to note that 


case 4/7, A. H.—see 


only one patient 


above) showed clear signs of venous 
* 
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small fragment of calcium with the fing¢r 


and remove it from the atrium. °@ 

In all operations, and especially in 
blind operations, it is of great importance 
to be®well oriented in the operative field. 
In blind operations in the left heart ,a 
careful palpation of the atrium is neces- 
sary. In all our cases palpation was done 


ae mas 
with the bare finger. This permits a more 


precise and less traumatic palpation of 


possible thrombi, and a_ better sassess- 
ment of their degree of organization. It 
is likewise of great importance to make 
a careful palpation of valvular calcifica- 
tions before commissurotomy is under- 
taken. In cases in which there is risk of 
embolism, the carotid arteries should be 
temporarily clamped bilaterally, as re- 
commended by Bailey. This certainly 
precludes the possibility of major embo- 
lism in the carotids, but, as emerges from 
this material, it is no guarantee against 


small emboli in the fine cerebral arteries. 


IMMEDIATE POSTOPERATIVE 


CARE 


The possibility of silent embolism in 
connection with operation cannot be 
excluded. In the present series routine 
examinations in an attempt to discover 
such emboli were not undertaken. Theo- 
retically, a minor cerebral embolism 
might be hard to differentiate, clinically, 
from a situation due to a brief general 
cerebral hypoxia (in cases of temporary 
massive blood loss or heart failure from 
other causes during the operation, or 
following the bilateral clamping-off of 
the carotids for short periods). An ana- 


lysis of the individual cases in this series. 


° 
however, renders it unlikely that such 
o 
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confusion has occurred. In no case wher, 


embolism has been 


diagnose post. 
operatively has there been any Piso; 
during the operation in which cereby; 
hypoxia might have arisen. In the ¢ay 
with the most protracted bilateral capo. 
tid clamping (70 + 90 + 15 + 15 secona. 
with at least 2* minutes’ free caroti¢ 
flow between clamped periods) ther 
were no clinical signs of embolism: ane 
neither in this nor in any other case wit! 
carotid clamping have we found am 
ensuing signs of cerebral hypoxia. 

During the period immediately follo. 
wing the operation 6 patients developed 
signs of thrombo-embolic complications. 
In 4 of these, the signs were evident 
immediately after operation, so that the 
only possible interpretation is that the 
were caused by mechanically detached 
emboli at operation. 


In three of these 


atrial 
thrombi had been definitely seen, but 


Cases no 


there were rough calcifications on the 
mitral cusps. In one of them (case 6. 
B. L.), on account of technical difficul- 
ties, only the left carotid artery had been 
clamped off during commissurotomy. 
This patient lay comatose, but without 
signs of shock, for 10 hours after opera- 
tion, and on awakening had a lett 
sided hemiparesis. On account of pha- 
ryngeal paresis and to avoid aspiratior 
of gastric contents, tracheotomy had to 
be performed. He was mentally confu- 
sed for 3 days. After 14 days, the trachea’ 
cannula could be removed and from the 
19th day the patient had so improveé 
as to be able to go for short walks. ‘There 
was no significant mental change. Ano 
ther case with calcified valves but withou' 


atrial thrombi (case 33, L. J.) hac onl\ 
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Tie Postcommissurotomy Syndrome after Mitral Valvotomy 


° 
MARIANNE BAGGER-DAHLSTROM and GigNNAR MALMSTROM 


The syndrome 
PCS 


Zatuchni, Janton, 


postcommiussurotomy 
was first described by Soloff. 
O'Neill & 


1953) as a condition with pains retro- 


(;lover 


sternally and in the left half of the 
thorax in combination with a moderate 
rise in temperature, which symptoms 
made their first appearance quite sud- 
denly one or a few weeks after valvulo- 
tomy. The symptoms remained for 10 
days to four weeks. 

Similar symptoms after mitral opera- 
tions have subsequently been described 
The 


symptom complexes vary somewhat, but 


from many different quarters. 
they represent on the whole an exacerba- 
tion ort a recidivation of the normal 
postoperative discomfort with pains in 
the left 


shoulder. rise of temperature and in 


the operated region or in 
some cases exudate in che pericardiac 
cavity and/or in the left pleura. The 
irequency of PCS varies between 10 and 
(0°, in different materials. 

The nature of the chinges is not clear. 
Among suggested explanations are a 
recgrrence of the etiological rheumatic 
process (Bercu, 1953), “idiopathic perfi- 
carditis” (Dresslerg 1954), pericarditise 
pleuritis released by the operative trauma 
Lister, Wood & Seely, 21954) or an 


eflect of oozing from the auricular 


wound, as shown by the blood-stained 
for a_ recurrent 


effusion. responsible 


pleuro-pericarditis ‘Papp & Zion, 1955). 


MATERIAL 


We give an account here of the occur- 
PCS 


among 106 patients operated upon for 


rence of symptoms _ resembling 
mitral stenosis at the Sabbatsberg Hos- 
pital in Stockholm during the years 
1952-1957. The distribution of the sexes 
and 24 The 


varies between 18 and 63 years, with an 


is 82 women men. age 
average age of 40 years. The postopera- 


tive observation period was on an 
average 64 days. The reasons for this 
long period were firstly that the clientéle 
consisted to a large extent of primarily 
bad cases, and secondly that a con- 
siderable group (33 cases) had_ been 
given postoperative treatment with corti- 
sone preparations for a long period in 
order to counteract the suspected risk of 
secondary shrinking and adhesion of the 
operated valves with restenosing as a 


result. 
RESULTS 
Secondary intensification of the post- 


operative symptoms occurred in 1|6 pa- 


thrombosis, and this during an extremely 


complicated post-operative course with 
respirator treatment, parenteral nutri- 
tion, etc. Obviously, in these patients, 
as in other post-operative cases, early 
ambulation—the patient preferably get- 
ting up within 48-72 hours—is of great 
© importance. 

The two cases of secondary arterial 

embolism observed can hardly be related 


to the cardiotomies performed. 


SUMMARY 


The authors report their first 100 consecutive 
cases of operation for mitral stenosis. Sixteen 
cases had a history of systemic embolism; and in 
a further 8 thrombi in the left atrium were found 
at operation. The total incidence ot verified pre- 
operative thrombo-embolism in this series was 
thus 24%. In 29 cases calcified cusps were found 
at operation. 

The possibilities of improved pre-operative 
diagnosis of valvular calcification and _ intra- 
cardiac thrombosis, the value of prophylactic 
dicumarol treatment and the surgical technical 
precautions in connection with commissurotomy 
are discussed. 

° ‘The total morbidity as regards thrombotic 
and/or embolic complications in connection with 
operation was 6%, of which 4° were primary 
and 2%, secondary complieations. ‘The mortality 
and the post-operative invalidity due to the com- 
plications discussed were nil. The total mortality 


was 2 %. 
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S POSTCOMMISSUROTOMY SYNDROME 


with PCS in relation “to the rise in 
temperature. 

x shows in general pathological 
S-T and I changes igamediately after 


the mitral operations. [hese changes are 
probably in part an_ expression for 
rraumatization of the pericardium dur- 
ing the surgical operation. In connection 
with PQS there occurred increased devia-. 
etions in S—-I or ‘T which could not be 
explained only as frequency effect. In 
five cases these deviations occurred dif- 
fusely over the surface of the heart and 
in three cases over locally delimited 
regions. In two cases no increased ECG 


deviations could be shown. 


TasLe 1. Frequency of essential symp- 
toms in ten cases of postcommissurotomy 
syndrome. 


Number 


Symptoms 


s 

Pains in left shoulder or in operative area 9 
Rise in temperature LO 
Heightened SR lO 
Roentgenological pericardial exudate } 
Roentgenological pleural exudate or in- 
crease of existing exudate 5 
ECG with increase of previous S—T and 

| changes 3 
Diagnosis 


We have tried to rule out other patho- 
logical states which might give rise to 
these symptoms by continuous clinical 
observation of the patients. Unfortu- 
nately the diagnostic work is rendered 
difficult by the postoperative deviations 
norma! 


and 


Irom normal 


anatomy 
physiology which were already present 

iC 2 - 
when PCS was fi¢st manifested. 


| one single case there were simul- 


taneously slight and brief®aans in bothe 
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° 
wrists without concomitant sweling or 
co] 


restriction of movement. Otherwise no 


signs of joint aflections were shown, nor 
° 


e Was it possible to show any signs of 


resurgent rheumatic activity. Nor, fur- 


thermore, were there any signs of 
specific infection of any kind. No 
virological examinations were carried 


out, 
7 7 . . . ® 
Clinically, the condition appeared 
only as an exacerbation of the ‘“‘normal”’ 
postoperative symptoms, and it was not 
releasing etio- 


possible to show any 


logical factor. 


Therapy 


Symptomatic treatment, with warmth, 


. ° 
_analgesics and movements; was started 


as soon as the pains began to abate. The 


cases with high fever occasioned the 
administration of antibiotics or change 
of antibiotics in those cases in which the 
postoperative antibiotic therapy was 
stull being applied. The effect of this 
antibiotic treatment appears very du- 
bious. In a couple of pain-resistant cases 
roentgen therapy was applied to the 
shoulder, which possibly accelerated the 
of the 


large pleural exudates 1s indicated. 


abatement pain. Tapping of 
The prognosis was good in all cases. 


DISCUSSION 


It is of a certain interest to try to 
decide whether these PCS cases repre- 
sent rheumatic recidivation (Soloff, 1953: 
Bercu. 1953) or a local state of irritation 
caused by postoperative 8ozing from the 
auricular wound or other mechanically 
toxically irritating factors (Ilster, 
1954; Papp & Zion, 

° 


Or 


Wood & Seely, 


— 


tients. In six of these there were pains in 
the left or right shoulder of “‘inactivity”’ 
or periarthritis type without singul- 
taneous general symptoms and withgnt 
other eflagt on the circulatory” or 
respiratory organs. [hus in these cases 
it was not a matter of a PCS syndrome 
of the type here in question. These six 
cases are therefore dismissed from the 
discussion in the sequel. 

Of the remaining 10 patients, nine 
had secondarily appearing pains loca- 
lized to the left shoulder region and/or 
the region between the shoulder and the 
operation wound. One remained entirely 
free of pain. There was no palpation 
tenderness over the shoulder joints. All 
10 had atthe same time a considerable 
inerease of the general symptoms and in 
the local symptoms*from heart and lungs. 

The symptoms were acutely exacer- 
bated 2—3 weeks alter the valvulotomy. 
In three cases there were two periods of 
such discomfort with intermediate inter- 
vals of about two weeks without symp- 
The 
marized as follows. 

The 
varying values. In seven of the ten cases 
39°C 


were reached. This temperature peak 


toms. symptoms may be sum- 


temperature rose regularly to 


maximym values of and more 
e 

was as a rule of short duration and was 

succeeded by a lytic fall. One single 

patient was subfebrile the whole time, 

with a temperature below 38°C. Also in 


this case, however. there was a distinct 


secondary rise in temperature in con-® 


nection with PCS. 
— : i « : 
lhe sedimentation rate varied. It was as 
. . a S = 7 $ 
a rule sinking after the operation when 
PCS was first manifested. 3In all cases 
except offe there was in this connection 
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; 
a secondary rise in SR verying in » \agpj. 
tude between 7 and 37 mm irfrelation tp 
the immediately precedtng SR valie be. 
fore the manifestation of PCS. 

The leucocyte value showed in general a 
slight rise in connection with the rise jp 
temperature. - ~ 

The pains were as a rule intense and 
at times disturbed the patients’ sleep a . 
nfght. In two cases it was necessary at 
times to administer analgesics of mor- 
phine type to alleviate the pains. They 
were described as a dull ache, more oy 
less like toothache. They abated slowh 
in the course of a week. In two cases 
they occurred in the course of cortisone 
therapy. 

Pleural exudate always appears after 
the operation, but is generally quickly 
resorbed. In the gases described here a 
secondary increase in the amount of 
fluid was*found in connection with PCS. 
In one case there was even a very 
pronounced increase of exudate neces- 
The 


was in this case clear and dark amber- 


sitating thoracocentesis. exudate 
yellow, and contained a rather sparse 
scattering of mononuclear cells. In the 
other cases the exudates were relatively 
small and were resorbed spontaneously. 

The pericardial exudates were diagnosed 
in the course of the routine X-ray con- 
trol of the thoracic organs. ‘These were 


+ 


in all cases “‘small’’? exudates from the 


roentgenological point of view? Since 4 
roentgenological diagnosis nevertheless 


presupposes a rather consider&ble a 


moufit of exudate, the frequencies ob- 


_ t) : . a . or : ‘ ‘a re 
served for this compli ation are .to be 


regarded as minimum values. [here 
° 


were no tamponade symptoms. 
Phe pulse rate increa%ed in conne: tion 


the 


Tial 
000 
tive 
ited 


4), 


why 


is- © 


p 


ACT 


ym the Thoracic Clinic, Karolinska Sjukhuset, and the Roentgen Diagnostic Department, 
e ‘ P@diatric Clinic, Karolinska Sjukhuset, Stockhagn, Sweden ° 


Early Diastolic Murmur in a Case of Infundibular Stenosis 


of the Right Ventricle 


STuRE BeveGArp, BENGT JONSSON and Ur RuDHE 


Pulmonary stenosis with intact ventricu- 
lar septum was formerly a relatively 
unknown malformation. It is now about 
ten years since its clinical features were 
described by various authors, and today 
it is a well-established pathologic entity, 
which can usually be diagnosed on the 
basis of the physical findings alone. As 
arule, the stenosis is valvular. In combina- 
tion with ventricular septal defect, on 
the contrary, the stenosis is most often 
infundibular. Cases are, however, found 
of infundibular stenosis with intact 
ventricular septum. In a series of 45 
cases of pulmonary stenosis with intact 
ventricular septum studied at the Paedia- 
tric Clinic, Karolinska Sjukhuset, 1in- 
fundibular stenosis alone was present in 


+ (Kjellberg, Mannheimer, Rudhe & 


sjonsson, 1959). In such cases, the ste- 


nosis is localized to the ostium infundi- 
buli, and is due chiefly to displacement 
ol the septal band of the crista supraven- 
tricularis. 

‘he most important physical finding 
is a®systolic murmur, which usually has 
| . tie 
its inaximum over the 3rd left interspace. 


We have not earlier observed #diastolic 


murmur in such cases, nor has any been 
described in the literature. Consequently, 
it was surprising to find a short, high- 
frequency murmur in early diastole in 
a patient with mild infundibular stenosis. 
The occurrence of the murmur could, 
however, be explained by subsequent 
analysis of the haemodynamic conditions 
by cardiac catheterization and electro- 
kymography. 

The methods used for phonocardio- 
graphy and electrokymography have 
been described in earlier reports from 
the Paediatric Clinic (Mannheimer, 
1955; Rudhe, 1956). ‘Those applied in 
cardiac catheterization and determina- 
tion of the physical working capacity 
have been reported from the Depart- 
ment of Clinical Physiology ( Jonsson, 


Linderholm & Pinardi, 1957). 


CASE REPORT 


The patient was a 52-year-old man (catheter- 
zation no. 9/59). His physical working“ apacity 
was very good, i.e., 1200 kgm/min. Heart volume 
was normal. The ECG showed no hypertrophy, 
but the S—T interval was depressed, which may 


have been due to digitalis medication, given until 
° 
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oO ° 
1955) or, possibly, cases of recurrent 


idiopathic pericarditis (Dressler, 1954). 

The etiology may of course vary in 
different cases. Of this we know nothing. 
‘Idiopathic recurrent pericarditis” is an 
uncommon condition and it is therefore 
not reasonable to refer the main part of 
PCS to this disease. Exacerbation of the 
etiological process is rather contPadicted 
by the absence of other rheumatic 
manifestations. Furthermore, the course 
of the symptoms was in general of too 
short a duration and too benign to make 
the assumption of rheumatic relapses 
probable. The protracted cortisone ther- 
apy applied to a part of the clientéle 
may, certainly, have masked some cases 
of rheumatic activity. The majority, 
however, were not given cortisone treat- 
ment. The selection of patients for 
cortisone treatment was entirely a matter 
of chance, as all patients operated upon 
from a certain period were given corti- 
sone in the postoperative period. There 
are also 2 clear PCS cases in the group 
of 33 patients who were given cortisone 
therapy. As against these we have 8 PCS 
among the 73 patients ewho were not 
treated with cortisone. ‘The difference in 
frequency is not significant (P=0.50 
0.30). 

There is, on the other hand, nothing 
in our results to contradict the assump- 
tion that PCS was released by local 
irritation factors in the operative area or 
its immediate vicinity. It may have been 
a matter of small hemorrhages, where 
the blood has functioned as an irritatin®@ 
agent in the pleura and pericardium. 
The whole clientéle was put on dich- 


marol therapy about | weekeaf er 4 
3° 


le 

Operation. e 

The frequency of PCS in our materj,) 

is 10/106 = 9.4%, which is in fairly goog 

agreement with the 1@% @ postoperatiye 
° 

pericarditis with fever’? among operated 


mitral stenoses reported by Wood | 1954) 


SUMMARY 


1. PCS appeared in 10 of 106 patients wh, 
had been operated upon for mitral stenosis, 

2. The syndrome was characterized by a tem. 
porary secondary exacerbation of the postopera. 
tive symptoms, with fever, heightened SR, exp. 
date in the pleura and/or pericardium and jp 
general pains in the region of the left shoulder. 

3. In 2 cases the syndrome appeared among a 
group of 33 patients who were undergoing post- 
operative cortisone treatment. 

4. In a number of cases the condition caused 
considerable subjective discomfort with very app- 
reciable pains. 


9. The prognosis was in all cases good. 
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che essure curve from the pulmonary artery, vant heart chambers. Consequently, on the curves 


ult to localize exactly the time of closure 
fthe pulm@nary valve. It is, however, possible 
the basis of the pgono ardiogram, recorded 
at the same pulse rate, to fix closure of the valve 
at pon! | in big. |. @hich coincides with the 
time when the pressure in the infundibulum falls 
below that in the pulmonary artery. Thus, bet- 
ween points 2 and 3—-when the pressure in the 
ofundibulum is lower than in the pulmonary 
artery, Dut higher than in the sinus portion of the 
right ventricle—the prerequisites exist for a retro- 
srade flow through the infundibular stenosis. On 
omparison with the phonocardiogram, this 
irre interval is seen to correspond to the time 
of appearance of the diastolic murmur. This ts 
hecause points 2 and 3 occur 0.40 sec after the U 
vave on the ECG, and the murmur starts 0.40 
sec alter this wave. 

With a view to obtaining further information 
regarding the origin of the murmur, the varia- 
tions in volume of the different heart chambers 
during the cardiac cycle were studied electro- 
kymographically, with synchronous recording of 
the ECG and phonocardiogram. In order to 
reproduce the variations in volume as accurately 
as possible, they were recorded densographically. 
L he photocell of the electrokymograph was thus 


placed completely inside the border of the rele- 


hic. 2. Electrokymograms recorded synchronously 
with the ECG and phonocardiogram (over 4th 
L.I.S.). Electrokymograms recorded as denso- 
grams. A downward movement denotes a 
decrease in volume, and an upward movement 
an increase. Time lag of electrokymogram: 
U.0OL sec. A, infundibulum; B, upper part of 
sinus portion of right ventricle; C, lower part 
of sinus portion; D, right atrium. Left broken 
ine coincides with end of Ist sound and marks 
start of eraptying of right ventricle, as is evident 
irom (©. Right broken line denotes opening ol 
uspid valve (D), corresponding to start of 
ing of right ventricle (C 
itis evident from these densographic electro- 
mograms that infundibular contraction (A 
rts alter expulsion ®f blood from sinus por- 
During first part of diastole, there is a 
ther reduction in volume of infundibulum. 
inciding with appearance of diastolic murmur. 
lS synchronous with expansion of sinus 
ion of rig§t ventricle. ‘The curve recorded 
r upper part of sinus portion (8B) shows an 
rmediate movement pattern during start® 
ection. 


obtained, the influence of such movements@as 
are not directly dependent on emptying and filling 
of the chambers can be regarded to be reduced 
to a minimum. The photocell was moved step- 
wise from the upper part of the infundibulum to 
the lower part of the sinus portion of the ventricle. 
Curves were also recorded over the right atrium. 
The examination was performed in the accentua- 
ted right anterior, oblique projection, which on 
anatomu grounds is best suited for visualization 
of the heart chambers without superimposition. 

It can be seen from Fig.2 that &lling of the 
sinus portion of the right ventricle starts a few 
hundredths of a second after the pulmonary 
component of the 2nd sound, During the subse- 


quent first part of diastole, the infundibulum 


continues, on the contrary. to decrease in volume. 
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‘ ABLE |. Findings at cardiac catketerization. 
Body weight — 63.9 ke. Height = 163.3% cm. Body surface area — 1.69 m?. | 
— 2 —— 
a 
() , o¢ : 0 ° ) ° | 
» Saturation, % Pulse e¢ Pressure, mm Hg 
~ a* rate, AV —Q,Cardiac Stroke i 
Oo 7 . - . :, 
Br. uptake, beats/ diff., ouput, vol., R\ R\ p, 
art. SVG RA RV PA ml/min min mil /] l’min eml RA sinus infund. PA . 
° 4 i 
~ 
° S 
At rest —* oe 2 oe: 284 79 42 6.8 86 QO 43/2 26/2 26/11 199 | 
300 kgm / min 95 94 1066 Li] 79 13.6 1? ] 2 84/6 H2/17 159 
600 kem/ min 96 H 11599 138 1O4 15.3 Pi | 2 105/10 38/15 190 
° 900 kem/min 93 : > we asso te? 129 16.6 99 123/12 +2 /18 
admission to hospital. Fig. 1C shows the phono- ends with the aortic component (a) of the 2nd 
cardiogram recorded over the 3rd L.1L.S. An early sound. The pulmonary component (/) occurs 
systolic sound appears 0.06 sec after the Ist heart 0.06 sec later; 0.03 sec after it (0.40 sec after th: 
sound, accompanied by a systolic murmur which Q wave on the ECG), a high-frequency, diamond 


shaped murmur starts, and has a duration of 


A td OO eh el about 0.08 sec. This murmur has its maximum 
|; mm Hg 7°50 BS seg here. 

- The findings at cardiac catheterization can be 
jd inferred from Table 1. No signs of a shunt were 
present. [here was a systolic pressure gradient 
of 23 mm Hg at rest between the sinus portion 
of the right ventricle and the infundibulum. 
With a heavy work load (pulse rate 167/min), 


the gradient rose to 81 mm Hg. No pressure gra- 


dient was present between the infundibulum and 
the pulmonary artery. , 
Analysis of the pressure curves from the pul- 
mm Hg monary artery, infundibulum and sinus portion 
of the right ventricle (Fig. 1 A and B) shows that 
systole has a longer duration in the infundibulum 
than in the sinus portion. Consequently, during 
a brief period (from point 2 to 3 in Fig. 1), the 


pressure is higher in the infundibulum than in 


the sinus portion. Owing to numerous vibrations 


LCL 


Fic. 1. Simultaneous pressure recording from 
main trunk of pulmonary artery and infundl- 
bulum of right ventricle (A), from main trunk 
of pulmonary artery and sinus portion of right 
ventricle (B), and phonocardiogram recorded 
over Srd Iy.I.S. (C). Same pulse rate in all 
recorflings. In A, the broken line denotes the 
pressure in the sinus portion. At ]. closure of 
pulmonary valve. Between 2 and 3, the pressure 
in the infundibulum is lower than in the pul- 
monary artery, but higher than in the sinus 
portion. The diastolic murmur occurs during 


this period, ad aorti component ot 2nd heart 


sound ) yulmonar\y component. 
, P~ pul | ° 
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Myxoma of the Left Auricle ° 


A Report of Three Cases 


Otov CeLtanper, GORAN Linpovist and RAouL MALMCRONA 


A myxoma in the left auricle was in 
1954 operated successfully for the first 
time by Crafoord and Senning. As the 
disease had been considered extremely 
rare and without possibility of treatment, 
little practical importance had earlier 
been ascribed to these tumours. Since 
several cases of successful operation have 
now been reported (Chin & Ross, 1997; 
Harvey, 1957), stricter diagnostic criteria 
are called for. Successful surgery in cases 
of cardiac myxoma requires exact diag- 
nosis, as the risk of operative failure 1s 
otherwise great (Bailey, Lacy & Harris, 
1951; Davies & Andrus, 1954; Likoff, 
Gelecker & Gregory, 1954). 


A myxoma in the left auricle obliterat- 


ing the mitral ostium gives a symptom 
complex in close agreement with that 
found in mitral stenosis. However, the 
disease often shows features which ought 
to make it possible in many cases to 
arrive at a correct diagnosis before the 
exploration. We have observed and fol- 
iowed 3 cases of the disease and shall 


here discuss the features in the histories 


and the clinical findings that m& 
afford @ossibflities of diagnosing the 
o 
° 


condition. Furthermore, about 50 cases 
from the literature have been reviewed 
with reference to the characteristic 
features of the disease. 


0 
CASE REPORTS 
Case l 


Glass-works employee, born 1915. No 
known rheumatic aflection. Had long- 
distance rowing as hobby up to 1955. 
After this date increasing dyspnea in 
connection with exertion and asthma- 
like trouble at night. Medical examina- 
1956 


cardiac murmur, anemia and high SR. 


tion in September revealed a 
Admitted to the local hospital where he 
was described as ‘‘pale and fatigued”’. 
Examination revealed presystolic cre- 
scendo murmur, accentuated Ist cardiac 
sound, and blood pressure 150/90. Hb 
70%, SR 27 mm. ECG normal. X-ray 
showed size of heart 600 ml m body- 
surface with enlargement of left auricle. 
Patient improved and returned to full- 
time work. . Was relatively free of 
symptoms apart from dyspnea inecon- 


é : ° 
nection with exertion and obscure peaks 
° 


° re) 
900 . ee 


(his is accentuated during the interval marked 
se ’ ) 
hy the diastolic murmur. It is not until after this 


that the infundibulum once more expands. 


¢ DISCUSSION 


An analysis of the variations in pres- 
sure and volume in the pulmonary 
artery, as well as in the infuldibulum 
and sinus pOrtion of the right ventricle, 
has shown that the infundibulum re- 
mains contracted for a longer time than 
the sinus portion. Moreover, the flow 
through the infundibular stenosis then 
passes in the retrograde direction, 1.e., 
from the infundibulum to the sinus 
portion, during a short period in early 
diastole. ‘This is associated with the 
appearance of a short, high-frequency 
murmur. : 

The delayed contraction of the infun- 
dibular chamber has been demonstrated 
earlier by Mannheimer & Jonsson 
(1954), this circumstance explaining the 
marked splitting of the 2nd sound in 
infundibular stenosis. In their cases, 
the pulmonary valve did not close until 
after relaxation of the infundibulum, 
nor did any diastolic murmur occur. In 
our Case, on the contrary, closure of 
the pulmonary valve took place earlier, 
which ¢mpled that the , infundibulum 
could then empty only into the sinus 
portion. This interpretation is borne out 
by the densogfams recorded electroky- 
mographically. They showed that the 
infundibulum continged to decrease in 
volume during the first part of the filling 
phase in the sinus portion of the ventricle. 


| : e | 
namely, during the interval in which the 
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° , 
2 ° 
diastolic murmur appeared. It & possibly 
that the changes in elasticity of the arte. 
ries, as well as iff the resistance in the 
pulmenary circuit, associated with rising 
age may be responsible for earlier closyys 
of the valve. It is not known whethe: 
this patient also exhibited a diastolj, 


murmur when he was younger. 


SUMMARY 


An account is given of an unusual finding j 
a patient with mild infundibular stenosis, namely. 
an early-diastolic murmur. An analysis has beep 
made of the variations in pressure an@ volume 
in the infundibulum and sinus portion of the righ 
ventricle during the cardiac cycle. It shows that 
the murmur can be explained by a retrograde 
flow through the stenosis, i.e., from the infundi- 
bulum to the sinus portion, during a short period 


in early diastole. 
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MYXNOMA OF THI 
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period subfebrile. She lost 5 kg in weight 


and after three weeks was disgharged 


under the diagnosis VOC mitrale. Was 
then relagively free of subjective symp- 


toms but was readmitted after a @nonth 


eo %s she had had repeated attacks of pul- 


: ° : 
mon@ry edema. During this stay in 


hospite! the murmurs varied greatly, being 


sincetmes ‘entirely absenteand on other. 


occasions comprising systolic as_ well 
as previously unnoticed diastolic mur 
murs. She was at first subfebrile. SR was 
high, maximally 68 mm. AST and 
repeated blood cultures normal. ECG 
showed only minor changes. PhCG 
showed over the apex a weak presystolic 
murmur, a systolic murmur and adoubled 
2nd sound. In left I, a weak _ proto- 
diastolic murmur was recorded. Electro- 
kymography showed a picture resemb- 
ling that in “‘mitral stenosis with pul- 
monal hypertension” (later scrutiny, 
however, revealed suspect variations 
over the left auricle). Endocarditis lenta 
appeared probable. Patient’s state be- 
came progressively worse. During the last 
period the patient was observed trying 
to alleviate her dyspnea by lying face 
downwards with her head low; and she 


mentioned that she had also previously 


adopted this procedure. The existence * 


ol myxoma in the left’ auricle was now 
suspected, but the patient's state did 
not permit of any furthereinvestigation. 
She died in February 1955. 

\utopsy showed hypertrophy of left 
ventricle and dilatation of left auricle. On 
the medial wall in the left auricle was a 


tumoar almost the size of a hen’s egg. 


~~ 

wi® broad attachment Fig. 1? and 

with one pole bulging down through thee 

mitral &tium, where it was somewhat 
° ° ° 
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Fic. |. Myxoma in left auricle. Note especially 

were a ' Sa." 

the ““waist”’ corresponding to the mitral ostium. 
Case 2. 


constricted. The surface was even, in 
part calcareous. [he consistency was 
firm and the section translucent with 
alternating yellow and_ blood-stained 
areas. All valves and ostia were normal. 
A number of infarcts were observed in 
the lungs. Microscopic examination show- 


ed ‘‘so-called endocardiac myxoma’”’. 


Case 3 
@ 


Woman born 1913. Husband factory 
worker. Five small children. No known 


rheumatic aflection. Healthy up _ to 


January 1952, @&hen she began to notice 


fatigue, shortness of breath and palpita- 
tions in connection with exertion. Digi- 


talization without improvement and 


admitted in July 1952. Had then ggod 


veneral com@dition and absence ol signs 


oe & 


of gncompensation in s¢ate of rest. Ove 


the apex was heard a short Systolic and 
o . 


PAU. oO. 
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of f€ver after strenuoug work. Controls, 
showed persisting moderatg anemia and 
heightened SR. 

In April 1956 
wren Hospital, Gothenburg, for exami- 
nation and decision regarding operation 
under the diagnosis mitral stenosis. His 
general conditign was at that time 
relatively good and he was without 
signs of incompensation. Heart status 
on the whole the same as previously but 
in addition accentuated 2nd sound over 
pulmonalis. Hb 10-11 g%. ECG indicated 
right heart strain. PQ}CG: feeble pre- 
systolic murmur of low frequency, nothing 
definite systolically but 0.12 sec. after 
the 2nd sound a short diastolic murmur 
of low frequency. X-ray: size of heart 
770 ml/m* body-surface with enlarge- 
ment mainly of left auricle but also left 
ventricle. Electrokymography showed 
“picture as in combined mitral defect” 
later scrutiny, however, revealed sus- 
pect variations over left auricle). With 
load to 600 kgm/min. the heart rate rose 
to 150. ‘The patient was relatively free of 
subjective symptoms, but after load ECG 
revealed moderate ST and I changes. 
Heart catheterization showed increased 
pressure in the pulmonary circulation 
which was further accentuated with 
load of 200 kgm/min. Pressure in AP in 
state of rest 96/49, during work 121/50 
and in PCV in state of rest 35 mm Hg. 
Under load the stroke volume dimi- 
nished and the AV—QO, difference in- 
ecreased. ‘The case Was diagnosed as 


‘relatively pure mitral stenosis” and the 


: . Ss 
2 patient was advisegl to undergo opera- 


tion. However, this was postponed until 
- 2 
October 1958 on account of the anclear 


anemia and the heightened SR. He went 


° 
admitted to the Sahl- 
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back to work and. as before, | ecam’ 
short of breath whet he exerted } i msely 
but was otherwise relatively 
© 


e ithour 
discomfort. 
° 

On operation a resistance the size o 
a large plum was found in the |ef 
auricle, obstructing the mitral ostiyp 
and attached to the lateral auricula 
wall with a pedicle as thick as a finger. 
On attempts to palpate the mitral valve 
the greater part of the tumour loosened 
and followed the blood stréam. It wa: 
found on subsequent operation in the 
aortal bifurcation. The patient died 
days later in a picture of multiple 
thrombosis and emboli. 

Autopsy revealed normal mitral vyal- 
ves. Microscopically the tumour-tissue 
showed a picture resembling that of 


endocardiac myxoma. 


Case ? 
Cook, born 1902. One grown-up 
child. No known rheumatic aflection. 


Healthy up to November 1953, when 
after a cold she developed persisting 
cough with admixture of blood in ex- 
pectorated matter and increasing short- 
ness of breath in connection with exer- 
tion. In the summer of 1954 cardiac 
murmur was observed and X-ray exami- 
nation showed size of heart to be 770 
ml/m° body-surface, stasis in the pul 
monary circulation and fluid in_ the 
right pleura. She was admitted for exa- 
mination and had at that time a good 
general condition, slight® dyspnea in 
state of Test, hepatic swelling and rales 
at both lung bases. Broadened ictus. 
Strong systolic murmur with P.M. in |; 
sin. Second sound divided over pu!lmo- 


nadis. Sinus rhythm. Was during first 
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Anid in both pleurae. Her condition 
sradually deteriorated and she died in 
March 1994 after periods of fever, varying 
Jegrees of incompensation, anemia and 
heightened SR. 

fhe course of the ECG changes in 
‘his case 1s illustrated in its main features 
n Fig. 2. There gradually developed a 
right preponderance and enlarged P 
peaks. Transient fibrillation began to 
occur after scarcely one year’s anam- 
nesis. and during the last months there 
were still frequent alterntions between 
fibrillation and sinus rhythm. During 
the last period there was constant bige- 
mina and on the last day a very pro- 
tracted conduction time. The clinical 
diagnosis was mitral stenosis and mitral 
insufficiency. By the criteria then apply- 
ing she was at an early stage considered 
unsuitable for operation. 

Autopsy revealed a smooth tumour 
the size of a hen’s egg attached by a 
short pedicle to the auricular septum in 
the vicinity of foramen ovale. The surface 
of the tumour was smooth and jelly-like, 
but in a short time it became opaque. 
The consistency was firm. Section was 
jyelly-like 


Microscopically — the 


vellow, with blood-stained 


streaks. tumour 
showed the picture of fibroangiomyxoma 
with pronounced myxomatous compo- 
nents. All valves and ostia normal. In 
the lungs several infarcts and in the 


right pulmonary artery large thrombotic 


masses. Chronic stasis livér with in- 
- - . ° ° 
cipient cirrhosis. 

e ° 


"DISCUSSION 
/h@not infrequent cases in which ing 
connection with a preoperative exami- 
nal ry or the 


operation of mitral 
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stenoses a cardiac myxoma has been 
found give grounds for the assumption 
that these heart turaours are commoner 
than emerges fren? the litegature. It is 
probable that the relative frequency of 
cardiac myxoma in relation to mitral 
stenosis will increase, against the back- 
eround of the fact That in recent years 
rheumatic fever has,become increasingly, 
uncommon and with a lesse® number of 
sequelae in the form of rheumatic valve 
detects. 

The pathologists have shown great 
intergst in cardiac myxoma and have in 
this connection occupied themselves 
chiefly with the question of the syste- 
matic placing of these tumorous forma- 
tions. A number of such writers have 
asserted that myxoma is an independent 
form of tumour, while others have been 
inclined to understand the auricular 
myxoma as wall-attached thrombi that 
have undergone myxomatous degenera- 
tion. ‘This question is from the clinical 
point of view of relatively little interest, 
since in both cases there is probably the 
risk of recidivation if the tumorous for- 
mation is not radically removed. We 
shall here refer to these formations as 
tumours without considering their patho- 
genesis more closely. A clinically more 
important factor is the great vari- 
ability in the form and consistency of 
the tumours. [The firm tumours are as 
a rule egg-shaped, in some cases in 
combination with a furrow correspond- 
ing to the mitral ostium where the 
tumour partly hangs down into the left 
ventricle (case 2). [hese tumours are as 

_s * s ; 
a rule at least the size of a hens egg 
when they can be assessed as operable. 
The soft and looser tumout’8 are often 
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a clear presystolic murmur. Only in the 
recumbent position was a diastolic mur- 
mur also audible. ‘The first heart sound 
was accentuated and the second divided. 
No fever. Hb and SR normal. X-ray 
showed size of heart to be 515 ml/m° 
body-surface with enlargement of left 
auricle. Digitalis did not give any effect, 
even in increased dose, and was dis- 
continued. After two weeks’ stay in 
hospital nursing was continued at home. 
Her symptoms were sometimes only 
slight, but at times signs of incompensa- 
tion were observed even in the state of 
rest. In April 1953 she fell ill with high 
fever and a sensation of stitch in the 
breast. She was readmitté€d in a general 


i .@ . 
condition that was slightly affected. Had 
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Fic. 2. Electrocardiographic 
findings in case 3. 
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dyspnea in state of rest, labial cyanosis 
and enlargement of the liver. During 
next few months she had several periods 
with high fever. Heightened SR up to 
maximally 67 mm was noted, in between 
normal SR. X-ray showed size of heart 
to be maximally 670 ml/m* body-surface 
and on a couple of ‘occasions indura- 
tions over both lung bases and fluid in 
pleurae. For a period thrombosis in left 
calf. Herestate was improved and stabil- 
ized so that she could return home, 
though she had not the strength for 
housework. Another deterioration led to 
her readmission in N@vember 1953. She 
then had cyanotic lips, dyspnea in state 
of? rest, consglerable peripheral! edema. 
hepatic enlargement and exudation of e 


"TABLE J- 


ooo 
Oo 
° ° 
First symptoms in 31 cases of 
. . exe 
© mvyxoma in the left auricle. 


One or two symptoms have been indicated in 
the different cases. ) 


Symptom No. Symptom No. 

I e = 

Lyspne a 12 Criddiness 2 
Palpitations 2 | Syncope 
Fatigue >» | Cough ° 
Arterial embolism 3 | Acute pulm. edema | 
lachyeardia 3 | Precordial pain | 
Peripheral edema , | Emaciation | 
Infec tion of respir. 

passages 2 


that the degree of physical invalidity and 
the clinical findings show a slowly pro- 
sressive course. In myxoma cases we find, 
in contradistinction to this, an irregular 
and at the same time often more rapid 
development. The patient dies as a_rule 
within three years from the appearance 
of the first symptoms. The irregular 
development may be due to the fact 
that the tumour changes its position in 
relation to the ostium, thus giving rise to 
a variation in the auscultatory and other 
That the 


changes his body position may be con- 


clinical findings. patient 
ceived to result in sudden changes in the 
position of the tumour. This was ob- 
viously the situation in our second case, 
where the patient was able to alleviate 
her dyspnea by lying face downwards 
with her head low. This ‘paradoxical 
orthopnea” has previously been de- 
scribed in the literature (McAllen, 1950; 
Desbaillets, Wyss & Mahaim, 1953: 
Martin. 


trasts strongly with the characteristic 


1953). This behaviour con- 


orthopnea of the mitral stenosis patients. 
Our third patien® showed at the begin- 
nige of the pathological development 


: ° : :; 
surprisingly pronounced and rapid varia- 
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tions in ¢he dégree of the heart trouble 
- meme Oc «6 @ . ° : 
independently of the therapy. Such a 
> 9 ees ;, S «a 
marked variability in the degree of the 
symptoms has also been mentioned in 
Mahaim, 1945). The 


symptom of quadripedal gschemia de- 


the literature 


scribed by, inter alia, Ask-U pmark oc- 
curs relatively seldom, but may never- 
theless be stated as typical of the disease 
‘Field, Donovan & Simon, 1945; Bre- 
win, 1948; McAllen, 1950;  Ask- 
Upmark, 1952; Mahaim, 1953). Acute 
attacks of syncope are reported to be a 
common symptom (Mahaim, 1945). 

The tendency of the tumorous forma- 
tions to drop fragments resulting in 
arterial emboli may lead to sudden 
death or symptoms from different sec- 
tions of the systemic circulation (Mahaim, 
1945; Brown, 1946; Brewin, 1948 and 
L951; Weinstein & Arata, 1949; Lam- 
pen & Waag, 1951; Blum, 1952). Em- 
boli occur also in cases of mitral 
stenosis, and they can thus not be said 
to constitute a specific symptom (Olesen, 
1955). In our first case the patient had 
unclear feverish reactions in connection 
with exertion. It is possible that the in- 
creased rate of circulation connected 
with physical exertion led to the breaking 
off of small fragments of the tumour. 

In all of our cases pulmonary em- 
boli occurred as an important feature 
in the anamnesis. In case 3 these pro- 
bably emanated from her peripheral 
thromboses, but in the two other cases 
no signs of such thromboses were ob- 
servable. In these cases pulmonary 
emboli may have emanated from throm- 
botic material in the right auricle. 
Such thrombi in the right auricle have 


heen described (Burnett & Pavidson. 


9 


and 3 were firm and hat a smooth sur- 
face. Of 43 cases in the literature, 17 
show an even surface and, where there 
was mention of the consistency, it was 
firm in these cases. In 12 cases the 
surface was somewhat lobate, while 13 
cases showed varying degrees of loba- 
tion. In those cases in which the tumour 


has had a firm consistency the tumour 


¢ diagnosis has been more easily accepted, 


while with loose and irregular tumours 
the tendency has been to regard them 
as organized thrombi. Of the greatest 
importance for the course of the disease 
is the fragility of these tumours and the 
consequent tendency to drap fragments 
in the form of arterial emboli. 

The course of the disease in cases of 
myxoma in the left auricle varies. In 
certain cases the patient may rather 
suddenly succumb from large arterial 
emboli after complete freedom from 
symptoms or a short period of in- 
significant symptoms (Mahaim, 1945; 
Brewin, 1948 and 1951; Blum, 1952). 
Other tumours, above all smooth and 
firm tumorous formations, have, instead 
of this course, a more protracted devel- 
opment which allows scope for a com- 
plete investigation. 

Before one is justified in discontinuing 
the investigationson the preliminary diag- 
mitral stenosis 


nosis of must be 


one 
able to rule out cardiac myxoma. This 
is exemplified by our third case, which 
was regarded as an inoperable case of 
mitral stenosis. ‘There would probably 
have been a good ch@€nce of removing 


her cardiac myxoma by surgery. 
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lobate_or lobulated. Among our cases the In cases of myxoma @arlier rh Rati 
e first was a soft “and easily disintegrating fever or other evident etiological! expla. 
formation, while the tumours in cases 2 nation of a traditional mitral stenog; 


does not occur in the anamnesis. Among 
mitral stenoges, on the other hand, there 
is a high percentage of previous rhey. 
matic affections (Olesen, 1955). It js of 
course possilfle to meet with purely coip. 
ciding cases of the two disease$ (Dexte, 
& Work, 1941; Weinstein & Arata, |949) 

It is worth noting that in cases of 
cardiac myxoma the previous capacity 
for work has been good in a striking 
degree. [his applies in a high degree to 
our three cases. Thus the first patient 
was able to row long distances right up 
until three years before his death. Pa- 
tient number 3 had given birth to five 
children and managed a big household 
without trouble. 

The age at which the first symptoms 


of cardiac myxoma appear is, disre- 


garding myxoma in early childhood, 
somewhat higher than that found in 
a mitral vitium clientéle. The differ- 
ence is, however, so inconsiderable that 
in the individual case one is not much 
helped by this circumstance. 

Table | represents a tabular presenta- 
tion of the first symptoms in 31 cases ol 
myxoma in the left auricle. Dyspnea due 
to exertion and palpitations are also the 
most mitral 


important symptoms in 


stenosis (Olesen, 1955). A tumour ob- 


structing the mitral ostium must obvi 
ously affect the blood flow in the left 
side of ethe heart and the pulmonary 
circulation in the same way as does the 
obstruction to the flow  constguted 
by a mitral stenosis. The mitral stenosis 
however, implies a slowly increasing 


; , ° . aa, < e 
hindrance to the circulation. [his means 


* 


tee 

ind piderable variabili® with regard 
«9 the appearance of the auricular eva- 
-yation curve was therefore not then 

3 
raken into account. A report of these 
observations will be published separately 
Bartiey 

Case | was made the object of heart 


° ; , . 
catheterization with a_ study of the 


hemodynamics in the pulmonary circu- 
lation both at rest and during work. 
The findings are in good agreement with 
what one expects in cases of mitral 
defect. Unfortunately recordings were 


not made in different body positions. 


SUMMARY 


Certain features in a case history should give 
rise to the suspicion of myxoma in the left auricle. 
The absence of earlier rheumatic affection, rela- 
tively rapidly increasing subjective symptoms in 
a person with previously for the most part good 
pfysical capacity, symptoms showing. striking 
variability and not appreciably influenced by 
digitalization or other measures against cardiac 
insufficiency—all these are features distinguishing 
the history in cases of cardiac myxoma from 
what’one generally finds in cases of mitral stenosis. 
Obscure feverish periods and high SR frequently 
occur, probably related to different manifesta- 
tions of thrombosis and arterial emboli. 

To variability in the patient’s subjective symp- 
toms corresponds the tendency of the tumour to 
constrict the mitral ostium in varying degrees. 
In cases in which the recumbent face-downward 
position & preferred to the sitting position cardiac 
myxoma may be strongly suspected. The EkyG 
affords the possibility of a detailed analysis of the 
Course of evacuation in the left auricle, which may 
help in arriving at a diagnosis (Bartley 

\lyxoma in the left auricle has formerly been 
considered of only academic interest. With the 
developme&t of heart surgery the tumours*came 
to Constitute a fat&l source of error in connection 
with the opergtion of mitral defects. A surgeon 


Sri 
4 


ting a mitral stenosis but confronted with 
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an easily disintegrating tumour and normal mi- 


° 

tral valves has small possibilities of coping with 
the situation. With an exact diagnosis, on the 
other hand, there is a fair chance for surgery in 


cardiac myxoma. w 


° 
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Increased tendency to the development 


CELANDER, G. 


of thrombosis may exist as a common 
etiological factor for myxoma and throm- 
boses. The changed hemodynamics may 
also possibly facilitate the formation of 
thrombi. 

Variability in auscultatory findings 
should give rise to the suspicion of 
cardiac myxoma. The prerequisite for 
this, however, is often repeated and 
carefully reported examination of the 
heart. Further, the possibilities of a cor- 
rect diagnosis are increased if the exa- 
mination is undertaken with the patient 
in different body positions. In all our 
cases variations in the diastolic murmur 
over the apex were observable. Similar 
variations are reported in the literature 
‘Mahaim, 1945). In 35 cases of myxoma 
from the years 1945-1955 with an 
account of the heart status there were 
systolic murmurs in 25 cases. In 22 cases 
diastolic murmurs of different types and 
degrees were observabbe. In 2 of the 
cases the systolic murmur was stated to 
have been inconstant, while the diastolic 
murmur was described as variable in 11 of 
the cases. In only 2 cases was a variation 
due to position described (Kirkeby & 
Leren, 1952: Steinberg, Dottner & 
Glenn, 1953). In our third case the 
murmurs were clearly influenced by the 
position of the patient. 

Fever and a heightening of SR are 
frequently noted in cases of cardiac 
myxoma. In our first case this gave rise 
to the suspicion of malign disease and in 
the second of current endocarditis benta. 


The backgfound to these symptoms is 
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probably often constituted by hrop. 
boses, pulmonary emboli and_ pogssib) 
minor arterial emboli. 

In our second case blood culture 
were made on several occasions wit} 
negative result. Positive results have 
however, been reported in the literature 
Dick & Mullin, 1956). It seems natura! 
that these tumours, just as well a 
pathologically changed valves, should 
be seats for infection. 

Of particular interest from ‘the point 
of view of the ECG is our third case 
Fig. 2). When seen against the back. 
ground of the autopsy findings it is easy 
to understand the picture of symptoms 
here: a large myxoma attached to and 
immediately adjacent to important ele. 
ments of the conduction system. Right- 


sided 


preponderance, minor _ P-peak 
changes and fibrillation are otherwise the 
findings most commonly reported in the 
literature. 

In none of our cases did X-ray exa- 
mination reveal anything markedly de- 
viating from the traditional findings in 
cases of mitral defects with stasis in the 
pulmonary circulation. Only in case 2 
were the possibilities of angiocardio- 
graphy discussed, but the patiént’s condi- 
tion was considered to contraindicate 
this examination. It is reported (Golé- 
berg & Steinberg, 1955; van Buchem & 
Merland, 1957) that even venous anglo- 
cardiography can give important In- 
formation. Left-sided angiocardiography 
gives the diagn®sis. 

In our first two cases electrokymo- 

° 
graphy was performed. On the occa- 
sions of the ex@minations, however, the 
notion of the possibility of a tumour In 


the left auficle had not been entertained, 
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We have recently treated two cases of 
hemepericardium on a traumatic basis. 
"In both cases, the ‘foreign’ body resSpon- 
sible was still present. Both patients were 
operated on, and have completely 
recovered. In penetrating wounds of the 
heart, the picture is most often dominated 
by the hemopericardium. This condition, 
which is not so uncommon, presents 
such interesting features from the phy- 
siologic, diagnostic and not least the 
therapeutic aspects, that we have con- 
sidered a report of these cases to be 


warranted. 


CASE REPORTS 


Case 1.—A 46-year-old woman. During a mel, 
there was a sudden onset of pain, first at the level 
of the larynx and then in the epigastrium, when 
she swallowed a bolus. Two days later, increasing 
pain appeared behind the sternum, radiating 
into the back between the shoulder blades and 


up towards the ears, as well as a stabbing pain 


e On respiration. Roentgenologic examination dis- 


closed a “needle-shaped foreign body” directly 
beside the heart, approximately at the site of the 


right atrium. Fluor stopy showed decreased move 


ments of the pericardium, as in the presence of 


eflusion. Signs of pericarditis were present on the 
Signs of venous congestion in the form of 
engorged neck veins were, however, lacking. 


racotomy was performed four days after 


the ury. A moderate increase in fluid was found 
c 
° 
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in the pericardium. The conne live tissue around 
the esophagus was blood-stained. The pericar- 
dium was distended, and its movements in conne- 
xion with the heart contractions were greatly 
limited. After incision of the pericardium, about 
200 ml of markedly hemorrhagic fluid were aspi- 
rated. A pin, which penetrated the pericardium, 
was then removed. The postoperative course was 
completely uneventful. 

Case 2.—A 40-year-old man, previously heal- 
thy. When he was sawing wood, a piece of wire 
rebounded *and penetrated the left side of the 
chest wall. The patient was able to cycle 5 km 
to the nearest hospital, where’a small opening 
was found on the left side of the anterior chest 
wall. Roentgenologic examination showed a piece 
of wire probably lying in the wall of the right 
atrium. Neither pneumothorax nor pleural effu- 
sion was present. The patient was immediately 
referred to our clinic. 

On admission, his general condition was unaf- 
fected, but he complained of pain in the lower 
jaw. There was no cyanosis or dyspnea. Ausculta- 
tion showed nothing noteworthy in the heart or 
lungs. Blood pressure 130/9% mm Hg. No engor- 
gement of the neck Veins. The ECG showed gene- 
Malized elevation of the S—T interval, and changes 
indicative of pericarditis subsequently appeared. 
Roentgenologic examination disclosed nothing 
pathologic apart from the foreign body in the 
wall of the right atrium. On the other hand, fluo- 


roscopy showed a quiet heart, i.e., absence of 


°o ° 
pulsatigns. 


Right-sided thoracotomy was perlormed on the 
day after the injury. Our indications for operation 
were the presence of a fofeign body in the right 
atrial wall, with the associated risk of hPhorrhag 
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Penetrating Heart Wounds with Hémopericardium 
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We have’recently treated two cases of 
hemopericardium on a traumatic basis. 
In both cases, the foreign body respon- 
sible was still present. Both patients were 
operated on, and have completely 
recovered. In penetrating wounds of the 
heart, the picture is most often dominated 
by the hemopericardium. This condition, 
which is not sO uncommon, preSents 
such interesting features from the phy- 
siologic, diagnostic and not least the 


therapeutic aspects, that we have con- 


sidered a report of these cases to be 
warranted. 
» CASE REPORTS 


Case 1.—-A 46-year-old woman. During a meal, 
there was a sudden onset of pain, first at the level 
of the larynx and then in the epigastrium, when 
she swallowed a bolus. Two days later, increasing 
pain appeared behind the sternum, radiating 
into the back between the shoulder blades and 
up towards the ears, as well as a stabbing pain 
on respiration. Roentgenologic examination dis- 


closed a “needle-shaned foreign body” directly 


beside th® heart. approximately at the site of the 


right atriung. Fluoroscopy showed a 
ents ol the pericardium, as in the presence of 
eHusion. Signs of pericarditis were present on the 
ECE , cr. ¢ | 
AG. Signs of venous congestion in the form of 
engorged neck veins were, however, lacking. 


racotomy was performed four days after 


irv. A moderate increase in fluid was found 


in the pericardium. “he connective tissue around 
the esophagus was blood-stained. The pericar- 
dium was distended, and its movements in conne- 
xi ~with the heart contractions were greatly 
limited. After incision of the pericardium, *about 
200 ml of markedly hemorrhagic fluid were aspi- 
rated. A pin, whicls penetrated the pericardium, 
was then removed. The postoperative course was 
completely uneventful. . : 

Case 2.—A 40-year-old man, previously heal- 
thy. When he was sawywig wood, a piece of wire 
rebounded and penetrated the left side of the 
chest wall. The patient was able to cycle 5 km 
to the nearest hospital, where a small opening 
was found on the left side of the anterior chest 
wall. Roentgenologic examination showed a piece 
of wire probably lying in the wall of the right 
atrium. Neither pneumethorax nor plgural effy- 
sion was present. The patient was immediately 
referred to our clinic. 


On admission, his general condition was unal- 


fected, but he complained of pain in the lower® 


jaw. There was no cyanosis or dyspnea. Ausculta- 


tion showed nothing noteworthy in the heart or 
lungs. BRbod pressure 130/90 mm Hg. No engor- 
gemeni of the neck veins. The ECG showed gene- 
ralized elevation of the S—T interval, an& changes 
indicative of pericarditis subsequently appeared. 
Roentgenologi examination disclosed nothing 
pathologic apart from the foreign body in the 
wall of the right atrium. On the other hand ®fluo- 
roscopy showed a quiet heart, i.c., absence of 
pulsations. © 
Right-sided thoracotomy was performed on the 
day after the injury. Our indications for operation 
were the presence of a foreign body in pe right 


atrial wall. @ith the associated risk ot hemorrhgge 
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the essential factor is the impeded inflow 
‘1 the hitart from the systemic veins, as 
4 result of their obstrucyon. Isaacs et al. 
were. hewever, able to show that® in 
experimentally induced cardiac tam- 
ponade, there is no measurable pressure 
gradient between the venae cavae and 
the right atrium, nor between the pul- 
monary veins and the left atrium. Conse- 
quently, the hemodynamic results of 
acute cardiac tamponade cannot be 
ascribed to an obstruction of the caval 
veins at their site of entry in the peri- 
cardium. 

The most important result of cardiac 
tamponade—the decreased cardiac out- 
put—is explained by a diminution of 
the space available for diastolic expan- 
sion of the ventricles. It is generally 
stated that a risk of cardiac standstill 


7 


exists with a decreasing ‘‘eflective filling 
pressure’ of the ventricles. ‘The eflective 
filling pressure of the right and _ left 
ventricle is obtained by subtracting in- 
trapericardial pressure in late diastole 
from right and left mean atrial pressure 
respectively. With the onset of tampo- 
nade, the right atrial pressure rises. 
This is thus the prerequisite for pas- 
sage of blood to the right ventricle. In 
severe cardiac tamponade, a decrease 
in the effective filling pressure of only a 
lew centimetres of water may be detri- 
mental. Certain therapeutic and Clinical 
observations in cardiac tamponade are 
explained by this fact. 

Thus, death not infrequently occurs 
during inductien . of anesthesia with 
positive-pressure respiration, or in con- 
nexion with thoracotomy. Here, there is 
@ rise in intrapleural préssure, co cessa- 
tion of the formal, negative intrapleural 
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° 
pressure, respectively, with a decrease in 
the effective filling pressure as a result. 
Blood transfugion has proved té be of 
value in cardiac tamponade, presumably 

‘edue to the resulting rise in venous pres- 
sure and right atrial pressure, and thus 


‘ . ; cage a ‘ 
in the effective filling pressure. Aspira- 


tion of a mere |10—15 ml of fluid from ° 


the -pericardium may suffice to produce 
immediate improvement in the patient’s 


condition. 


SYMPTOMATOLOGY ANI 
DIAGNOSIS 


The symptoms and signs of acute 
cardiac tamponade have long been 
known. Typical precordial pain is pre- 
sent in some cases, but is lacking in 
others. The patient is usually anxious 
and restless; dyspnea and cyanosis often 
occur, as well as coldness of the extre- 
mities. The pulse is rapid, soft and hard 
to palpate. The blood pressure may be 
low or not measurable. The peripheral 
veins are engorged, as a sign of conges- 
tion. The symptoms may, however, be 
insidious, at any rate initially. 

By what means then can the diagnosis 
be established before onset of the dra- 
matic final stage? Inspection will disclose 
any external signs of a_ penetrating 
wound, for example. The signs may be 
inappreciable or absent, e.g. after blunt 
violence. Engorged, distended veins argue 
in favour of a diagnosis of cardiac tam- 
ponade, and an approximate idea of the 
pressure in an arm vein can easily be 
obtained. Determination of the venous 
pressure is, in fact, a simple procedure 
and, as described earlier, gives a con- 


ception of the pressure conditions in the 
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and cardia¢ tamponade, as well as the risk of 
secondary thrgmbosis. Moreover, there was a 
risk of the foreign body becoming detached from 
the wall. and adhering to some otBer, equaky 
unsuitable structure. At operation, the pericar- 
dium was feund to be greatly distended. It was 
incised, and 170 ml of pure blood were aspirated. 
The piece of wire, about 1.5 cm long, was found 
in the wall of the right atrium, just befow the 
opening of the superior vena cava. After removing 
it. the wall was sutured to arrest the hemorrhage. 
A small hematoma was also present in the aortic 
wall, slightly above the sinus of Valsalva, evi- 
dently where the foreign body had impinged on 
the aorta. The postoperative course was unevent- 


ful. ° 


ETIOLOGY 

The most common injuries to the 
heart are penetrating knife wounds and 
gunshot wounds. As a rule, these wounds 
are localized to the right or left ventricle, 
and, somewhat less often to the right 
atrium. The left atrium, on the other 
hand, is seldom involved, in view of the 
better protection aflorded by its more 
posterior position. Occasional cases have 
been reported in which the wound has 
been confined to the coronary artery or 
one of its branches, the myocardium 


thus being otherwise undamaged. 
® 
' PATHOPHYSIOLOGY 


Cardiac tamponade is the most serious 
consequence of a heart wound. Under 
ordinary conditions, diastolic filling of 
the heart takes,place passively. Even 
very slight external pressure suffices to 
form an impediment to filling. External 
pressure may be due to transudate. 
‘xudate, blood or gas in the pericardiym. 
When filling of the pericardium occurs 


lapidly, an inapreciablee quantity of 
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Fic. 1. Pressure volume curve of pericardiun 
from Isaacs, Berglund & Sarnoff, Am. Heart 7 
48: 66, 1954. Dog experiment. At the lowe 
part of the pericardial curve, substantial jp. 
creases in volume are associated with only smal! 
pressure rises. When the pericardium is further 
distended (with fluid or air), even a small 


increase in volume produces a large increas 
in pressure. 


fluid (150-300 ml) may be life-threaten- 
ing, since the parietal pericardium does 
not have time to distend. The elasticity 
of the pericardium allows only limited 
distension. ‘This has been confirmed by 
experimental studies on the _pressure- 
volume curves of the pericardium (Isaacs, 
Berglund & Sarnoff, 1954). Thus, in 
experiments on dogs, an increase in 
volume of the _ pericardium _ initially 
produced only an insignificant rise in 
pressure. A successive increase in volume, 
on the contrary, soon resulted in a rapid 
rise in intrapericardiab pressure (Fig. |). 
This does not apply to chronic disten- 
sion, as in chronic pericarditis, when 


one litre of fluid or more may be present 


in the pericardium without signs © 


tamponade (Royster & Bosher, 1995). 
Various explanations have beefi given 

of the hemodynamic changes in acutt 

cardiac tamponade. As early as 180¢, 


Cohnheim put forward the theory that 
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administration of fluid with constant 
supervision of the patient i® however, 
venerally considered as suitable. If there 
‘; clinical improvement, with a rise in 
arterial pressure and only moderately 
raised venous pressure, transfusion is of 
value. In some cases, dramatic and 
definite imprevement edhas been brought 
abot: by**thiss means alone « (Blalock. &, 
Rawtch). Aspiration is then performed 
as soon as the diagnosis has béen made, 
or even immediately, to establish it. 
Vlost 


centesIs by 


perforfn 
the 


surgeons pericardio- 


inserting needle im- 
mediately to the left of the base of the 
xiphoid process, after which the needle 
is directed obliquely upwards. If blood 
that does not ceagulate is withdrawn, 
it is assumed to have come from the 
pericardium; if the blood coagulates, it 
is probable that the needle has entered 
one of the chambers of the heart. Aspira- 
tion, often*® of a surprisingly small 
quantity of fluid, results in dramatic 
improvement. The patient is then kept 
under close observation. If necessary, 
aspiration is repeated. Should the symp- 
toms nevertheless reappear rapidly, e.g. 
within half an hour, immediate opera- 


. Ss ~ . . * 
tion is considered to be indicated. 
@ 


DISCUSSION 


° 
Operation was performed on both our 
patynts, owing to the presence of a 
foreign body in the pericardium and 
atrial wall, respectively, with associated 


both cases the 


patient wa§ evidently on the verge of 


acute cardiac tamponade, although no 


marked symptoms had yet had time to 
dey Op. In the 


cardiac tamponade, 


215 


symptoms are, in fact, Spr “to have a 
sudden onset. It is therefore of the ut- 
most® importance to realize which pa- 
tient? are liable to be threatened by this 
condition. ‘To fhis © category belong 
patients who have suflered a penetrating 


wound or blunt blow in the heart region. 


*But the risk also exists after interven- 


tion, on the heart, either open or closed. 
and after direct puncture for diagnostic 
purposes, perhaps especially of the left 
ventricle. 

These patients must be kept under 
close 


eventual 


supervision, and treatment of 


tamponade should be well 
planned. The arterial and venous pres- 
sure should be d¢termined. (Valsalva’s 
test will 


temporarily accentuate the 


symptoms.) Fluoroscopic observation of 
absence or decrease of pulsations is an 
extremely important and early sign. 
Obviously, pericardiocentesis 1s another 
diagnostic possibility. . 

When cardiac tamponade appears, 
there is no time for delay, but one must 
be prepared to intervene immediately. 
As stated earlier, it seems to be generally 
agreed that treatment should consist in 
the first place of aspiration of the in- 
creased fluid content of the pericardium. 
Symptoms of cardiaeé tamponade may 
disappear after removal of only a small 
quantity of fluid. It must, however, be 
borne in mind that the patient is still 
close to the borderline of acute tampo- 
nade, and therefore réquires continued, 
carefal observation. Several cases have 
been reported in which the patient was 
sent home, evidently ° with a certain 
quantity of fluid _in the pericardium, 
although he was asymptomatic; a fresh 


hemorrhage or increase in the exudate 
° 
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right atrium. High venous pressure sug- been pointed out by mogt authors (e9 
gests cardiac tamponade, but its eXIS- Elkin; Tearse, 1957), and is in good 
tence is not ruled out by normal pres- agreement with our experience. 
sure. This may instead be afi indication Pp 
of decreasing efféctive filling pressure in ieee * 
the ventricles. and thus be an exceed- PREATMENI 
ingly unfavourable prognostic sign (El- It is natural that, since®the earlies 
kin. 1944, 1951). Falling arterial epres- times, injuries to the heart have beep 
Sure’ Veith *decreasin¥ ‘ptiist ‘pressure °° ‘regarded “as partitularly seriohs? Aécord” 
strongly supports a diagnosis of cardiac ing to Elkin (1951) Cabriolanus was 
tamponade. however, able to show as early as 1604 
In pericardial effusion, as in heme-° that heart wounds are not necessarily 
pericardium, the ECG shows elevation fatal. Riolanus understood the value 
of the ST segment in all three leads. of aspiration, and suggested this proce- 
Compression and ischemia of the sub- dure in 1649. Larrey seems, however, to 
endocardial muscle layer are considered have been the first to carry out this 
to be responsible for these changes. Ar- intervention in 1829. The first successful 
rhythmias and block of varying degree cardiorrhaphy was performed in 1896 by 
© ° 
may also be observed. Some authors Rehn. 
attach great importance to ethe ap- In recent years, there has beens a 
pearance of the ECG (e.g. Blalock & tendency to apply increasingly conserva- 
Ravitch, 1943), whereas others regard tive therapy. Elkin’s.views on this ques- 
the changes as being of less value for tion are illustrative. Thus, in a survey of 
early diagnosis (Elkin & Campbell, treated cases in 1941, operation is stated 
1951). ‘The consensus of opinion never- to be indicated as soon as the diagnosis 
theless seems to be that repeated ECG has been made. In 1944, some form of 
control may be of value in cases under conservative treatment is suggested “if 
observation for suspected tamponade, conditions are not urgent and operation 
and as a check-up after removal of does not seem to be immediately de--« 
blood from the pericardium, either manded”’. In 1951, he recommends con- 
surgically or after pericardiocentesis. ¢  servative treatment as a primary measure 
Roentgenologic examination is not in every case. The same opinion has 
considered to be of any great diagnostic been expressed by most authors who 
value in acute cardiac tamponade. The have dealt with these problems (Blalock 
enlargement of the heart may be due to & Ravitch; Cooley et al.; Royster & 
dilatation, pericardial exudate or bot) Bosher; Sawyer ef al.: Tearse; Wiklund). 
‘Krook, 1954). S The treatment recommended is largely 
Fluoroscopy—which shows the ab- as follows. On admission, blood transtfu- 
sence of pulsations or their decrease— is. sion is given or, while awaiting it, glucose 
on the contrary, always a particularly intravenously. Some authags are more 
valuable diagnostic tool in the early sceptical regarding an increase 1n blood 
stage of cardiac tamponade. ‘This has volume (Sawyer ef al.). Cautious LV. 
S ° 
° 
- ° 7 ) 
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The Differential Pressure in Aortic Valvular Stenosis 


A Theoretical and Diagnostic Study 
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INTRODUCTION 


s . . . 
In earlier works the hemodynamics of 


aortic valvular stenosis with special 
regard to the jet-eflect has been studied 
Castenfors, Porjé & Rudewald, 1954; 
Porjé & Rudewald, 1957). In these works 

have pointed out that immediately 
distal to the stenosis the lateral pressure 
is decreased, and it varies at diflerent 
points of the cross-section with a pressure 
minimum at the centre. This reduction 
of the pressure is thought to lower the 
coronary flow especially during systole. 


The 


seem to be the stenosis in itself but a 


cause of pulsus tardus does not 


change in the pumping action of the 
heart (Castenfors, Porjé & Rudewald, 
1954). We also studied the pressure 


— : ° . ry 
gradient across the stenosis. [he present 


work deals with differential pressures 


and absolute pressures only distal to the 


stenosis. ° 


in 1957 Porjé & Rudewald reported 


the first differential pressure recordings 
. ° : 
irom the human aorta. In cases with 
aortic ste - = iced h; . sh; ' 
enosis we noticed that the shape 
ol the differential pressure curve was 
que tiflerent fom that obtained in 
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° 
oO 
normal cases. By improving the fre- 
° P 

. e 7 
quency properties of the recording ap- 
paratus we can now record the di 


ferential pressure in the aorta through a 


rather thin double lumina catheter. 
Further investigations in cases with 

e 
aortic valvular stenosis show that just 


abgve ethe valves we get typic al dif- 
ferential pressure curves (Apc urves) and 
the contour of the curves is altered in a 
the Ap 
curve is recorded at increasing distance 
the 


characteristical manner when 


from valves. The theoretical and 


diagnostic significance of these observa- 
tions are studied here in a special circu- 


lation model with experimentally de- 


veloped stenosis. 
6 


MODEL EXPERIMENTS 
° 
The 


shown in Fig. |. 


experimental arrangement 1s 


The output characteri- 


stics of the pump are the following: 
Stroke volume, 66 cm’; duration of 
pump cycle, 0.82. sec.; duration of 


systole, 0.33 sec. The circulating liquid 
is water at 18 -C., 


A double 


lumina catheter (outer dia- 
° 
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occurred. resulting in acute cardiac 
tamponade and sudden death. Conse- 
quently, ig migh? be advisable to widen 
the indications for exploratory thoraco- 
tomy in borderline cases. 
Aspir&tion*should be carried out be- 
fore every pericardiotomy on the indica- 


tion of existing or threatening cardiac 


an acute rise in intrapericardial pressure 
in connexion with induction of anes- 
thesia and thoractomy, respectively. For 
the same reason, artificial respiration 
with alternating positive and negative 
pressure is preferable to positive-pregsure 
e 


respiration only. 


z *" SUMMARY _ 
An account is given of two cases of a foreign 
body in the pericardium and right atrial wall, 
respectively, and an increased amount of fluid 
in the pericardium. The physiology and symp- 
tomatology of acute cardiac tamponade, as well 
as the diagnostic pogsibilities available for detec- 
ting the condition in time, are discussed against 
this background. It is recalled that the patho- 
physiologic features consist of aerise in intraperi- 
cardial pressure, accompanied by a rise in atrial 
pressure, in order to maintain the effective filling 
pressure of the ventricles. There is also a rise in 
pressure in the systemic and pulmonary veins, 
as well as falling pressure in the systemic arteries 
and a decrease in cardiac output. Fluoroscopy 
shows a quiet heart, venous pressure measure- 
ments raised pressure, and the ECG signs of peri- 
carditis. Therapy should consist in the first place 
of aspiration of the fluid, but pericardiotomy 


e 
S,ould be undertaken in doubtful Cases. 
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Fic. 4. Redrawn differential pressure curves from 

the circulation model with varying degrees of 
(a-d). Bottom curve (e) 1s the pres- 
sure 15 cm from the 


“stenosis 


“stenosis. 


° 
e . . . s* 
differential pressure. Fig. 4a shows the 
. 
Apcurve with 0/Q, 


WW} . . . ® “6 * «6 
ith increasing degrees of ‘‘stenosis”” the 


|. i.e. no ““stemosis . 


shape of the Ap curve is changed in 
The 


~*~ . ~ ‘ : : 
characteristical feature of this change is 


accordance to Big. 46, c, and d. 
an incfeasing negativity starting from 
ethe late part of the systole and the mean 


Ap 


oe ae . 
negative. This change 1s clearly 
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e 
Fic. 5. Differenti&l pressure curves from tw diffe- 
rent degrees of “‘stenosis”’ (a, 6) with low static 
pressure level in the circulation model. Bottom 
curve (c) is the pressure 15 cm from the “ste- 
nosis. ° ~ 


it becomes very pronounced. The Ap 
curve returns to zero level at the end*of 
the ejection phase except for high degrees 
of “stenosis where a very slight negativity 
: . 

is noticed. ‘The shape’ of the pressure 
curve (Fig. 4¢) at 15 cm from the 
‘“stenosts’’ is unchanged during the ex- 
periment. F 

By changimg the static pressure niveau 
in the circulation system, pressure curves 
of somewhat diflerent appearance are 
obtained. ‘The stroke volume of the pump 
and its output characteristics are ung 
changed. The Ap curves from varying 
degrees of ‘‘stenosis”’ are fundamentally 
the same, Fig. 5a and bd) as above. 

We now fix the area quotient at 0.5 


and restore the static pressure in 


det tahde only when Q/Q, is less thane , circulation system to its original niveau. 


ab 0.4 and for lowef values of oJ or 


Fig. 6a) and 
. 


‘The Ap curve is recordtd 


the 


2 ve ? @ * @ef eee eee *e © @ ee 
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Fic. 1. Diagram of the circulation model. The 
output characteristics of the pump (A) are 
determined by the shape of the excentric (E). 
The liquid is pumped through an elastic tube 
(B) 1200 mm long and different degrees of 
“stenosis” are produced at*the central end of 
the tube (/). A double lumina catheter 1s 
introduced into the tube and attached to the 
differential pressure transducer (H). For 
further details see Uastenfors, Porje & Ru- 
dewald (1954) and Porjé & Rudewald (1957). 


meter 2.5 mm) is introduced into the 
elastic tube. The position of the catheter 
in relation to the “‘stenosis” is shown in 
Fig. 2. Through this catheter the dif- 
ferential pressure between two points at 
a fixed distance of 10 cm (L=10 cm) is 
recorded. The frequency properties of 
the recording system (Fig. 3) are such 
that pressures up to 14 cycles/sec can be 
° 


i 
Ss : _ 


-—L - 10cm—— 


; ‘) + - » @eé.. . 99 . 
hic. 2. Diagram of stenogis and double lumina 
catheter and the approximate relation of the 
yet direction to the pr sition of the catheter. 


Fic. 3. 


of ‘‘stenosis”’ 


“stenosis 1S 


15 cm distal to the “‘stenosis”’ (Fig. |: 4 
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I9ynamic properties of the differential 
pressure transducer and 100 cm long double 
lumina catheter. Upper diagram shows the 
amplitude response (A/A,) as a function of 
frequency for both sides of the pressure. trans- 
ducer (@ and ©). Solid triangles (4) represent 
‘the dynamic imbalance of the system. Lower 
diagram,shows the phase lag for different fre-° 
quencies. 


recorded with flat response and no 
phase lag. Higher frequencies are elec- 
trically «filtered off. At the central end 
of the tube (Fig. |: 


/) varying degrees 


are produced by outer 


clamps on the tube.* The degree of 


expressed by the area 


quotient 0/04, where Q is the area of the 
‘“stenosis’’ and Q, the area of the tube. 
Thus increasing degrees of “stenosis” 
means decreasing values of the area 


quotfent. 


s 
The experiments are started by record- 


. @ a 
ing the Ap curve with the catheter in the 


position shown in Fig. 2. The pressure 


9 


recorded synchronously with, the 
a 


| 


* ee 7 acy sees . . . > 
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hic. 8. 49-year-old woman with aortic valvular 
Differential pressure recorded from 
different positions (I, Il and III in Fig. 9) in 
the aorta. See text. 


stenosis. 


demonstrated in Fig. 8. The Ap curve is 


recorded with the catheter in diflerent 


r 
. 


i . ae . . 
posigons shown in Fig. 9. The shape ol 
* 


* 


a 
the Ap curves from these positions is of 
° 
particular interest. 
/:. © 

Neaw the stenosis the Ap curve starts 

. 
with a short posiyve peak followed by 
a age @ * 
a strongly negative part during the 


remaining part of systole. The mean 


~ | — . @ 
differential pressuYe is negative. At 
° 

greater distance from the stenosis we 
{ »7 . . ad 
set \p curves of rather normal shape and 
the mean Ap is nearly zero. 

° 

i4 (ratoord ° 
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Fic. 9. The approximate position of the double 
lumina catheter in the aorta. Differential 
pressure curves from positions corresponding 
to I, Il and III are shown in Fig. 8. 
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DISCUSSION 


The characteristic “features of Ap 
curves obtained just distal to the stenosis 
gre due to the fact that there is a central 
decrease of tlte lateral pressure within 
and around the jet from the stenosis, 
while the pressure at some distance from 
it, where the jet-eflect IS reduced, is 
higher or nearly the same as without 


° : ‘ bd ; 
stenosis. By withdrawing the catheter it 


: : - @ 
is pagssible to get Ap curves of rather 


normal shape. 

The position of the catheter in the 
vessel will influence the Ap records be- 
cause the pressure distribution is not 
The 


lateral pressure is lowest within the jet 


uniform over the  cross-gection. 
and it depends on the fluid velocity. 


Other factors such as 
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Fic. 6. Top curve (a) is recorded just distal to the 
‘stenosis’, (b) with the tip of the catheter about 
5 cm from the and (c) 11 cm from 
the ““stenosis’’. See text. 


éé e .s* 
stenosis . 


then the catheter is withdrawn. The Ap 
curve graduajly returns to its original 
shape (Fig. 66 and c) which occurs at a 


7 


distance from the ‘‘stenosis’’, that varies 
with the degree of ‘‘stenosis”’. 

Pressure from a 
algout 2 


near the wall of the tube (Fig. 2) show ® 
. ° ° 
that maximum pressure and mean pres- 


recordings point 


cm distal to the ‘‘stenosis’’ 


and 


sure are practically unchanged when the 
area of the “stenosis” is greater than about 
Our 


observations from these model experi- 


20%, of the tube area (Fig. 7). 


ments can be summarized thus: 


=. 
lL) The Differential Pressure Curves just 


¢listal to the “‘stenosis”” are changed in a 
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hic. 7. Pressure curves recorded just distal to@}y 


“stenosis . [he mean pressures are | 10, 96 and 
90 mm Hg and corresponding maximum pres. 
sures are 265, 230 and 220 mm Hg. 


characteristical manner when the area 
of the stenosis is less than about 40 % of 
the tube area’ The original shape (when 
QO/Q,=1) is re-established when “Ap IS 
reeorded at 

‘This 


increasing degrees of ‘‘stenosis’’. Under 


some distance from the 


stenosis. distance increases with 
the experimental conditions given here 
the Ap is zero at the end of systole except 
for very high degrees of “‘stenosis” when 
ea very slight negativity is noticed. 

(2) The Pressure Curve just distal to the 
“stenosis” (Fig. 2)eis mainly unchanged 
when the area of thee ‘stenosis’ is Sreater 
than about 20% of the tube area and 
higher degrees of “stenosis” cause a reduc- 
tion of maximum and mean pressure. 

e Recordings from points more distal to 
the “stenosis”? are mainly unchanged at 


evarying degrees of *‘stenosis’’. 
° 
Aogic Valvular Stenosis 
° 
The Ap curve from the aorta has been 
cases with aortuc 


One of 


recorded in three 


valvular stenosis. therm 1s 


nce 


operative risk was too high for others. 
oO 
As 


~ - o . ° . . 
patients fajled tqglleviate progression of 


conservative treatment in_ thege 


symptoms they werg regarded as suitable 


lor treatment with radioactive iodine. 
L his paper reports the effect of 
] . . . 
radi active iodine on a selected group 
6 ® 
° Le) 


All except one were females. The age 
ranged between 35 and 63 years of age. 
Four had sinus rhythm, one atrial 
flutter and the eemaining rAneteen atrial 
fibrillation. 

The patients were grouped clinically 


. ‘ ° ° . . 
according to the criteria Of the New 
> 


o 6 
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Treatment of Patients with Mitral Valvular Disease ° 
° e © ® ® © °° 
mumesceem cos cee es ¢ By. Radsoactive LOdiMe...... 9 once. s vure see cers cuawe 
° 
HARALD EviAscH, HAryE BUCHT, LArRs-G. LARsson, BORJE RUDEWALD, 
°e 
BENGT THOMASSON, EDVARD VARNAUSKAS and LARS WERKO. 
. o 
° 
s 
The palliative treatment of cardlio- of twenty-four patients with mitral val- ° 
vascular disorders such as angina pec- vular disease. Only those patients who 
toris and congestive heart failure by were submitted to right heart catheteri- 

e 
ablation of the thyroid gland either zation before treatment and where the 
using thiouracil compounds (Raab, 1945: time of observation was at least five years 
Frisk & Lindgren, 1948) or radioactive were included. In some patients right 
iodine (Blumgart, Freedberg & Kurland, heart catheterization was repeated after 
1950, 1951, 1955; Blumgart & Freed- the treatment. 
berg, 1952; Jafle, Rosenfeld, Pobirs & 

Stuppy, 1953, 1955; Chapman, 1958) 

os MATERIAL 

has yielded promising results. In the late 

nineteen-forties surgical treatment for Twenty-four in-patients (St. Eriks 
mitral stenosis was reintroduced and Hospital) with mitral valvular disease 
evidence of the beneficial effect of were studied. There was no clinical 
valvulotomy in many patients was soon evidence of other valvular lesions. None 
presented. Yet it became evident that, showed signs of either thyreotoxicosis or 
lor some reason or other, certain pa- hypothyroidism. In patient No. 5ll a 
tients did not experience relief of toxic nodular “goiter had been removed 

° . 
symptoms after surgery, and that the |} years beforé the first study. ss 


ee 


o sm0 


the jet and the anatomy of the aortic 


o 
valves and the aorta are important for 


the pressure distribution. Furthermore, 
the catheter is not in a fixed position 
owing to the high fluid velocity. In this 
complex situation it seems justified to 
state that Ap curves of the type described 


here indicate that there is an abnormal 


hemodvnamic ‘situation: in *the aertas 


generally characterized by negative mean 
difiergntial pressure. As to the pressure 
records, we note from our model experi- 
ments that a certain degree of stenosis 
‘an be present without causing any 
detectable change of the central pressure 
curve while the Ap curve is charac- 
teristically changed. As Ap is recorded 
with more than ten times higher sensi- 
tuvity than the pressure it is obvious that 
much smaller deviations from a normal 
pattern can be detected. We think that 
this fact should be valuable for thé dif- 
ferential diagnosis in aortic valvular 
diseases. : 

As shown in model experiments, the 
duration of systole can be determined 


° 
°er weer 
*- - 2 * 


the Ap curve with good accuracy. 
lt seerms reasonable to assume that we 


cam apply this to the Ap curves from 


toe hurman aorta even in cases with 


valvular stenosis. 


, i J a 
»? ‘ 


| ee) 


he results presented here indicate 
nat the recording of differential pressure 

and 
nes bre 


om it offers distinct possibilities 


« + * + t 


at diflerent di- 


SLETIOSIS 


amaiyse the hemodynamics of aortic 
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oO > ewee «¢ 
valvular stenosis and it also seeimns Dos. 
siblé*to improve the diagnosis in cage. 


with aortic valvular diseases. 


SUMMARY . 


1. The differential pgessure (Ap) distal to a 


aortic valvular stenosis has been studied in mar 


and in an experimentally produced “stenosis” } 
2° _— 


ew es «es 


ee. of tf 8 88 a 
a special circulation model. 

(a) The Ap curve from the human aorta jyy 
above the valves has a quite abnormal shap 
The mean Ap is negative. At some distance frop 
the stenosis the Ap curve has a rather norms 
shape and the mean Ap? is nearly zero. 

* (b) In experimentally produced “stenosis” }) 
a circulation model these features can be repro- 
duced. The mean Ap becomes negative when thy 
area of the “stenosis” is less than about 40% of 
the tube area. The pressures just distal to the 
“stenosis” are mainly the same as without “ste. 
nosis’, provided that the area of the “stenosis” 
is greater than about 20 % of the tube area. 

2. The theoretical and diagnostic significance 
is discussed. 


REFERENCES 


Casrenrors, H., Poryé, I? G. & Rupewa on, B.: 
The hydrodynamics of aortic valve stenosis. 
Experiment with a special médel. Cardiologia, 
25: 37, 1954. ° 

Poryt, I. G., Putipsson, J. & Opoman, P.: Acqui- 
red aortic stenosis. Cardiologia, 31: 508, 195/. 

PoOryé, I. G. & RupEWALD, B.: Studies on a new 
theory of determination of some fundamental 
hemodynamic data in a circulation model. 
in normal persons and in aortic valvular dise- 
ases. Opuscula Medica. 10: 3, 1957.0 

Poryé, 1. G. & RuDEWALD, B.: Further*studies on 


differential pressure measurement in circula- 


tion model and man. To be publish@d. 


2. 


5 


cel 


On 


TREATMENT OF MITRAL VALVULAR DISEASE BY RADIOACTIVE IODINI 
e 


PABLE |. Radioiodine and thyroid functionein 24 patients with mitral valvular disease. 
Observations were®made before nd after the administration of radioactive iodine. (a) Alive patients. 
Dead patients. Signs of hypothyroidism: Oo-— none: slight: moderate: permanent. 
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I94 H. ELIASCH et al, 
c (+) 
York Heart Association (1945). Clinical of cardiac output, using the Fic . prin. | 
; é . , : 7 
signs of moderate congestive heart failure*® ciple, were made. “ 7 
6 


were present in four (Nos. 180, 409, 942 
and 617). A history of arterial embolism 
was apparent in patient No. 324. Agtacks 
of tachycardia associated with dyspnoea 
were complained of by the majority of 


patients, especially by patient No. 339. 


‘Patients selected--for treatment with «tiptin thetrtght*verftritie: Prestir'es te 


radioiodine were mostly those with pro- 
gression of symptoms, being over 45 
years of age, having atrial fibrillation 
and relatively gross enlargement of the 
heart size. 

Most patients received digitalis pre- 
parations before radioactive iadine treat- 
ment. As a rule the amount required 
after this treatment was considerably 
smaller. Chlorothiazide, 250 to 500 mg 
daily together with one to three grams 
of potassium chloride, was administered 


to most patients during the past 1} years. 


METHODS 


Right heart catheterization according 
to Cournand (1947) was performed in 
all patients before treatment. The studies 
were made in the recumbent position 
and in the postabsofptive state. 0.2 ¢ of 
sodium amytal was given two hours be- 
fore the investigation. The catheter was 
introduced into a medial cubital vein 
and the tip,advanced via the pulmonary 
artery to the wedged position in the 
periphery of the lung (Lagerlof &*Werk6, 
1949). The catheter was then withdrawn 
and left in the main stem of the pul- 
monary artery. An indwelling needle 
was placed gn the brachial artery. 

After 30 minutes of rest, measurements 


ol pressure, using the strain gauge, and 
fe) 


Right heart catheterization was per. 
formed again after treatment in pip 
patients. In some, the same procedure « 
above was adppted while in others thy 
catheter was introduced percutaneoys) 


into the right femoral vein, leaving tly 


measured and the cardiac output deter. 


mined, using a right ventricular samp); 
for mixed venous blood. 
estimated 


The heart volume was 


rogntgenologically after the method o 


Liljestrand, Lysholm, Nylin & Zachrisor 
(1939). 

The method of radioiodine trace: 
studies was described before by Larsson 
& Ragnhult (1953). 


RADIOIODINE TRRATMENT AND» 
THYROID FUNCTION 


Normal thyroid tissue is_ relatively 


radio-resistant. Nevertheless it is almost 
always possible to induce myxedema by 
radioiodine administration providing that 
sufficiently large doses are given. 

Most authors have treated euthyroi¢ 
cardiac patients with Yelatively mrgé 


, therapeutic doses (15-30 mC I!8!) with 


the purpose of destroying the thyroid , 
gland completely and later reducing the 
disturbing symptoms of myxedema by 4 
small dose of desiccated thyroid. When 


fhe present series was started it was 
° ] 

planned to give smaller therapeutic doses 

(5-8 mC [31)_ for 


Firstly, doses of this size had not been 


several reasons. 
previously tested in euthyroid subjects. 
Secondly, it was hoped that it might be 


possibleeto obtain an optimal degree ol 


Ce! 


hot 


nS 
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TREATMENT OF MITRAL VALVULAR DISEASE BY RADIOAQ WBVE IODINE 


* 
-ogdition. The daily, dose of desiccated 


‘yhyroid varied between 0.10 and 0.20 mg 


hound iodine. 


In our experience the administration 
of chidrothiazide was followed 


enarked reduction of subjective sympfoms 
ym 


by 


RESULTS 


‘The material was separated into two 


. 


groups, one comprising those fiftéen 


patients wRo were alive at the end of 


a, 1958. amd the other nine who had died 


caused by myxedema. This is remarkable 


in assmuch as the injection of mercurial ° 


diuretics réndéfed ‘riofsuctreffects «++ + «ve 


at that time. 


Alive patients (group a) 


CYinwul -data +(*Vatele «2 a).+eThe. age 


; ° ranged between 35 and 63 years at the 
e 
TABLE 2a. Clinicab data in 15 alive patients with mitral valvular disease. 
Observations were made before and after the administration of radioactive iodine. 

— . _ 

¥ Heart volume, 

Case Functional Time after Rhythm ml/M*, BSA Improve- 
No. group Sex Age [***, years Before After Before After ment 
155 I] F 45 7 S AF 545 840 ves 
302 I] F 48 8 S "AF 650 1060 no 
324 11] .—- 35 6 AF AF 585 600 no 
339 11] M 44 64 AFI| SS 890 ~—«-:1170 yes 
oa Ii] F 43 7 AF AF 735 700 no 
385 II] KF 93 7 AF AF 685 + 800 ves 
410 _ il F. 99 7 AF AF 675 610 no 
$32 IV F 5] 7 AF S 530 °530 ves 
485 II] F 63 7 - ae AF 770 1000 yes® 
495 I] 7. ae 64 S AF 530 610 ves 
511 mee F 48 64 AF S 610 610 yes 
616 II] r. 50 6 AF S 580 660 no 
620 IT] oy ae 6. AF AF 530 500 ves 
657 _ ill Fe 55 54 AF AF 750 750 ves 
733 Ii] F 5] 5 AF AF 700 810 no 

TABLE 2b. Clinical data in 9 dead patients with mitral valvular disease. 
-@ 
Observations were made before apd after the administration of radioactive iodine. 
° ° 
Time after I”, a 
years Heart volume Initial 

Case Functional When last Rhythm ml/M*, BSA improve- 

No. group sex Age exam.*® Death Before After Before After ment 
a 
180 ° 7 of 49 a aa AF 720 940) no 
tO9 II] k a6 5 54 Al AF 730 1350 ® no 
+75 IV F 51 o °H 3 \ fe *800 1040 no 
199 IV * ay. AF AF 800 no 
021 II] I 46 24 ae AF o AF 600 720 — 
De" IV F —_e 5 AF AF 1380 —-:1380 Bo 
+. II] e F 43 14 24 ° AF AF 1380 1460 ves 
19° II] e'. Fag 2 AF AF 630 820 yes 
b | lV EF 39 5 5 AF AF 760 1030 ves 
o 3 ° we 
° Fo e 
o 
° - 
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cardiac. disease. 


‘fore PBI determinations were not aval- 


226 - ° H. 


substitution therapy. 
and general reactions 
gland, 


toms) 


one and a half years earlier 


permanent hypothyroidism not requiring 


Thirdly, 


the local 


trachitis. 


ihat sometimes occur 


aftere large ablation doses of I'%! might 


constitute a risk in patients with serious 


Ss. F 8 s 8 s 2 lg Ss te 


All patients in the present series were 
clinically euthyroid when the treatment 
started and none of thent had" palp&ble 
enlargement of the thyroid gland. Only 
one (No. 511) had a history of previous 


thyroid disease. This patient had a total 


thyroidectomy for toxic nodular goiter 


euthyrdid when J'*! therapy started. 


The thyroid function was studied by 


[131 


clinical examination. tr acer test, 


BMR and serum cholesterol. 


lable. ‘The laboratory data are sum- 


marized in ‘Table |. In most patients the 
thé 


radioiodine euptake was within 
normal range. A few patients (Nos. 155, 
359, 
take but there was no clinical suspicion 
of hyperthyroidism. Many patients had 
before treatment moderately 
BMR, which. a common 


observation in cardiac patients. 


616) had a remarkably high up- 


elevated 
however, is 


The therapeutic dose of I'*! was given 
orally, usually within one week after the 
: ° ’ Bee” 
preceding tracer test. When possible, the 
thyroid function was then studied évery 
third 


examinations 


second to month by repeated 


clinical and 


laboratory 
tests. Pertinent data are summarized in 
dable |. 
data obtained before the start of sulf- 


stitution ther rapy were inc we oy 


As regards the tracer tests. only 


Twenty 


patients were _ primarily 
ru} 


(swelling of the 
hyperthyroid symp- 
shortly 


but was 


Facilities 


@e 68088 8t:° 
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ge, af aerrtusre*® © °* « 
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7 
treated with the small therapeui ¢ do, 


2 nreviousiv | 
of I previously mentioned. Nine 


: af _— . 
this dose was sufficient to indu e per. 
As a rule thi 


state was moderate or slowly prowressiye 


manent hypothyroidism. 


and it could also be seen from the trace: 
tests that’ the thyroid gland was po 
‘completely destroytd. In elev en Patients. 
the first “dose induced | no or only ver) 
slight or transient signs ‘of hypothyroid. 
ism and eight of these were later op 
treated again. ‘Three patients , Were 
primarily treated with large doses 13 5-95 
mC) and two of them ‘promptly deve- 
loped myxedema within the first fey 
months while the remainder only showed 
slowly progressive signs of hypothyroid. 
ism. 

In the total series, nineteen patients 
eventually developed permanent clinica 
hypothyroidism. One patient (No. 475 
did not reappear after the last therapy 
dose and the remaining four had no or 
only slight signs,of hypothyroidism. Also 


these have 


patients would possibly 
developed myxedema after more ener- 
getic raglioiodine treatment. ‘Two were. 
however, clinically improved despite the 
fact that 
markedly depressed (Nos. ]55 and 542). 

Fifteen 
with thyroid medication, 
3 to 52 months after the last tHerapy 
dose of ['*!, 


optimal dtgree of, hypothyroidism not 


thyroid function was _ nol 


patients were later treated 


starting fron 
Three patients still have an 


requiring substgtutign therapy. The prim- 
ciple for thyroid medication was tO give 
small doses, sufficient for removal of the 
most disturbing symptoms of hypo 
thyroidism and for reducing the serum, 
gholesterol dy a moderate level ithou! 


bringing the patient back to an euthyroid 
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fasts 3b. Hemodynamical daja in g ead patientsswith mitral valvular disease. 


a @ 
e Observations were made during right heart catheterization in the resting state before the administration 
° of radioactive iodine. ry 
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area in five and less in the remaining 
five patients. In this group six patients 
felt improved. ‘This could not be cor- 
related to any specific hemodynamic 
pattern. oe ° 

In six patients right heart catheteriza- 
tion was performed once or twice after 
treatment (Table 4a). The degree of 


pulmonary hyperfensior’ was consid- 


¢ eyably less in three patients (Nos. 432, 


d!l and 657). These felt improved after 
° - @ : 
treatment; no major change in heart 
volume was observed. Right heart pres- 
° 

° . . 
syres were essentially unchanged in 
patients Nos. 359 and 485; a naoderate 

<n 
pressure incgease was found in patient 


2 eyo 
No. 733. The cardia@ output tended to 


e decrease or remained unaltered following 


treatment. 
° 


° is 
Dead patients ( gypup b) : 


7 ° oad —_— 
Climcal data (Table 26).—The 


ranged between 39 and 60 years at the 


‘ cy a 
aut 


tie when radioiodine was admjnistered. 
In four patients the clinical incapacity 


Indicated group Ill, the remaining 


five belonging to group IV. Six patients 
had died between three and five years 
alter treatment and three of these had 
been last seen between 4 and 5 years alter. 

All patients had atrial fibrillation at 
all occasions. The heart volume ranged 
1380 ml 
meter body surface area before and 
1380 ml the 


volufme had increased in tlte majority of 


between 600 and per square 


betweere 720 and alter; 
patients. 
+ . © > . . 

, [hree patients claimed to }e initially 
improved; two of these gnet with a 
sudden death (patient Nos. 597 and 
617). ° 

Hemodynamic ‘Tables: 3) 


4).—Marked degree of pulmonary hy- 


data and 


pertension was* observed in majority of 


patients, even in association with a 
cardiac index of |.7 liters per minute or 
less in four patients, Those three patients 


who were alive until four and five years 


eafter treatment had a mean pulmonary 


arterial pressure of 71. 65 and 102 mm 
Hg respectfvely (Nos. 180, 409 and 617 
Three patients were catheterized after 
° 
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of radioactive iodine. 9S 
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time when radioactive iodine was given. Nine patients considered themselves 
. . . S at ® . : 
Four patients belonged to group II, ten improved. This was not assgciated with 
to group III and one to group IV. The any particular clinical pattern.  * 
time of Sbservation was from five up to ° Hemodynamic studies (Vables 3a and 


eight years after treatment. Three pa- 
tients had sinus rhythm, one atrial 
flutter and the remaining eleven atrial 
fibrillation. At the time of follow-up 
study those who had had sinus rhythm 
before now had atrial filerillation while 
in four the rhythm had changed from 
fibrillation to sinus. 

The heart volume, expressed as ml per 
square meter body surface area, ranged 
930 and 890 ml before and 
930 and 1170 ml after.” The 
volume had increased more than 200 


between 


between 


ml in four patients, remajning essentially 
unaltered in the others. In two of the 
patients showing increased heart volume. 
the cardiac rhythm had changed into 
atrial fibrillation. 


4).—In fivé patients the mean _ pul- 
monary arterial pressure was 30 mm 
Hg or more, associated with a high 
pulmonary capillary venous pressure 
(PCV) of 15 to 23 mm Hg. In these 
patients the cardiac output ranged be- 
tween 2.1 to 2.5 liters per minute *per 
square meter hody surface area. Four ol 
these patients felt improved. No maj*r 


. 
‘Yr 
aaa 


charge in the heart volume had occurred 
in these. i 

In the remaining ten patients the 
pulmonary arterial pressure was gither 
normal or moderately*elevated; in four 
of these the pulmonary capillary venous 
pressure was _ pathologically elevated. 
he cardiac output was 2.5 liters oF 


| ; ly surface 
more per square meter body suri 
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° 
0 1 2- 3 4 5 
—_ oO 
Years after treatment io 
< 
4 Fic. 1.¢0he influence of the heart fhythm (before 
treatment) on the survival rate of 24 selected ° 
patients with mitral valvular disease who were 30 7 7 . ~r 4 
given radioactive iodine. @,. Total material: 
; $e ne 0 ] 2 3 4 9 
, sinus; *, fibrillation. 
i : Years after treatment 
Fic. 3. The influence of the mean pulmonary 
arterial pressure in mm Hg (before treatment) 
131 ° on the survival rate of 24 selected patients with 
° . . . . 
° mitral valvular disease who were given radio- 
active iodine. @,. Total material: (>, PA 30 
x before treatment; *, PAy 30 before treat- 
ment. 
2 
0 ° 
e386 ——— O—-0 | rye , 
= treatment. There was no change in 
e . ry . 
2 80- ll right heart pressure. The cardiac output 
° ; ;' ; 
5 had decreased in one, increased in the 
N a 
704° =, second, remaining unchanged in the 
third patient. 
° , 
50. : Cause of death.—\lwo patients, Nos. 
F ° 997 and 617, mee with sudden death. 
50 ; e * [he remaining patients died from chronic 
Ls , J , a , 
0 1 ? 3 4 5 cardiac failure. Autopsy data were 
Years after treatment available in patients Nos. 180 antl 409 
a > en | ghowing.a narrowed and calcified mitral 
iG. 2, Lhe influence of the heart volume (before ai 
ireatment) on the survival rate of 24 s#lected valve with marked hypertrophy of the 
Se. | : ; ; 
patient ‘al valvular disease re - . mae 7 : 
| | $ with mitral valvular disease who wert right ventricle and gross enlargement of 
given radioactive iodine. The heart volume | , . 
estimated by roentgen and expressed as e the left auricle. No abnormally increased 
Rg* square meter body surface arca. @, deposits of cholesterol were found in the ° 
material; . heart vol. 600. before ° 
iment; x, heart vol. > 600 before treatment. arterial] vascular system. 
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Jecompensated ¢ cardiac patients soon 
became obvious and the surgical proce- 
dure was abandoned. A few years later 
: ~ S » 
thiouracil compoginds and thereafter, 
-adioactive 1odine were introduced for 
reduction of the thyroid activity and 
' . ii ®.. 
successtully used for relief of cardiac 


disease (Raab, 1945; Blumgart et ai.,° 


1950), lhe usé “OT radiomdine *VFas pre- — 


ferred because of its ease of administra- 
tion and the untoward eflects that may 
be encountered with thiouracil prepara- 
tions. 

The eflect of radioiodine treatment 
has so far been studied in euthyroid 
patients with unspecified cardiac de- 
compensation and angina pectoris while 
reports of the effect on valvular heart 
disease have not appeared. 

In mitral valvular disease the me- 
chanical hindrance to blood flow may 
lead to marked reduction of the cardiac 
output in association with increase in 
pulmonary blood pressures. If heart rate 
is abnormally increased, cardiac function 
will be further impaired due to shorten- 
ing of the ventricular filling ume. It was 
therefore considered that by producing 
hypometabolism in these patients the 
lowered metabolic needs of the body 
would better comply with the decreased 
blood flow. Also, slowing of the heart 
rate would lead to a better filling of the 
left ventricle thereby reducing the degree 
of pulmonary congestion. 

the present material of patignts is 
fairly small and the end regults are in- 
consistent. The marked reduction of 
severe pulmonary hypertension associ- 
atec with definite clinical improvemeyt 
as Ooserved in some of the patients shows, 


however, tat radioiodine therapy may 


noe ee 
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Years after treatment 
Fic. 6. Survival rate in patients with mitral val- 
vular disease. One group was comprised of 
patients of the present material; the other 
group consists of other patients admitted to 
the same medical service and who were opera- 
ted upon within the same period of time as 
radioactive iodine was given. The dotted line 
represents an estimate of the survival rate of 
female patients in groups III to IV conventio- 


nally treated (Olesen, 1955: mean of survival 


furves C and D, Fig. 21, page 173). Mean age: 


@, 49 (n=20); x , 40 (n=26); O, 45 (n= 112). 


in certain cases yield results equal to 
those obtained on successful surgery. 
The patients belonging to functional 
groups III and IV were compared with 
patients of similar clinical incapacity 
that had been subjected to mitral valve 
surgery during the same period of time 
(Fig. 6). The control material was obtai- 
ned from a follow-up study on patients 
conventionally treated for mitral stenosis 
(Olesen, 1955). The different selection 
of patients in these materials does not 
justify a direct comparison but it is seen 


that ablation of the thyroid gland 1s 


definitely a therapeutic measure of value. | 


In our experience it serves as an alter- 
native to surgery if operation means a 
high risk or is refused. Furthermore, 1t 
can be used in patients with intractable 
tachycardig and in those where myo- 


cardial insufficiency is a prevalent feature, 


’ . ?. ee ee 


Tw 


CEE REP POI FP SEL FE I es ES? STE EB OW OS FH BE RS TE FE “7 


939 H. 


AJ J * J 7 


0 1 2 3 L 5 
Years after treatment 


Fic. 4. The influence of the mean pulmonary 
capillary venous pressure in mm Hg (before 
treatment) on the girvival rate of 24 selected 
patients with mitral valvular disease who were 
given radioactive iodine. @,. lotal material; 


, PCV,,<19; x, PCV,,>19. 


{'31 2 
xe 100 x x 
w e 
= 90 - ‘tne 
: 80 ee ie 
> e 
| a 
rr 70 Ni 0 
60 : é 
50 : : ° prensa 
0 1 2 3 4 5 
»Years after treatment 


Fic. 5. The influence of th® cardiac output (before 
treatment) on the survival rate of 24 selected 
patients with mitral valvular disease who were 


given radioactive iodine. The cardiac output, 


was expressed in litres per minute per square 
meter body surface area. @, Total material: 

, C.I. >2.5 before treatment; , C.I. < 2.5 
before treatmeMt. 
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Comparison between groups a and b. 

The age ranged within the sam limits 
in both groups. Atrial fibrillation%yas . 
constant feature among those Datients 
who had died, and was prevalent among 
the alive patients. The heart volume ang 
the pulmonary pressures were of highe; 
order among the dead, while the cardia, 
output tended to decrease in this group 


When 


dynamic parameters were related to the 


diflerent clinical and hemp. 
rate of survival (Figs. | 


that the 


5 it Was found 
mortality rate was_highe 
among those who had atrial fibrillation. 
large heart volume and marked pul. 
monary hypertension while the level of 
cardiac output exerted no major in- 
fluence. Similar findings following sur- 
gery for mitral stenosis have been repor- 
ted before (Werk6, Biérck, Crafoord, 
Wulff, Krook & Eliasch, 19553). 


DISCUSSION 


It has been known for many years that 
there is considerable slowing of blood 
flow to the body tissues in congestive 
heart failure. Blumgart, Levine & Berlin 
(1933) considered that if hypometabo- 
lism were induced in such patients the 
reduced blood supply might be sufficient 
for the lowered metabolic demands. 
Earlier promising experience from sur- 
° ae , i 
gical thyroidectomy in a cardiac patient 
directed these workers to*the concept of 
producing myxedema in cardiac pa- 
tients for relief of disease. ‘his was soon 
confirmed in the reports of BRimgart, 
Riseman, Davis & Berlin (1983) and of 
Parsons & Purks (1937). The disadvan- 


tage of performing thyroid surgery 1 
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arily associated with reduction in the 


not ne ‘ 


-ardiac output. 

5 It is suggested that alalation of the thyroid 
gland by radioiodine can be a therapeutic mea- 
ore worth while for relief of mitral valvular 
disease in those patients where surgery is not 


ad\ ised. 


The authors are indebted to Drs. Hilding 
Berglund and A. Rune Frisk for their support 
and interest in the present study. The technical 
assistance of Miss M. Séderling is also gratefully 


at knowledged. 
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Fic. 7. Clinical and hemodynamical data in a 
patient with mitral valvular disease (Case 657/ 
1136), before and five years after the admini- 
stration of radioactive iodine. PCV, = mean 
pulmonary capillary venous pressure. PA,, 
mean pulmonary arterial pressure, RA 
mean right atrial pressure. All pressures in mm 
Hg. C.l.=cardiac output in litres per minute 
per square meter body surface area. S.V. 
stroke volume in ml per beat. 
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Alleviation of pulmonary arterial hy- 
pertension was observed in four patients. 
In two of these, Nos. 432/671 amd 455/ 
683, the pulmonary capillary venous 
pressure was essentially unchanged while 


other words, there was a marked redug- 
tion in pulmonary vascular resistance 
and only a nfnor decrease in hifidrance 
to blood flow over the mitral valve 
orifice. This implies that pulmonary 
congestion was relieved, probably dye 
to the absence of attacks of tachycardia, 
so often complained of by these patients. 
In the third patient, No. 511/652, there 


was, in addition, a decrease in the pul- 


Ss @rnr © 6 


7 years 


ELIASCH ef al. 


monary capillary venous pressu: >, Th). 
finding, otherwise conforming w th tha 
observed after successful valvilotom, 
1952). 


mean that the resistance over the mitra) 


(Ehasch, does not necessarjh 
valve had decreased. but 
that 
° 
ventricle*was relieved. ° 


* In the fourth study, No. 6597/1136 the 


— 


May sugges 


myocardial failure of the lef 


fallin pulmonary arterial and pulmonan 
capillary venous pressures was probab), 
due to a concomitant decrease in the 
cardiac output (Fig. 7). 

It is thus seen that the hemodynamica’ 
consequences of radioiodine treatmen 
may follow diflerent patterns; the lack of 
uniformity in the response of the cardio- 
vascular system to hypothyroidism has 
been pomted out by Ellis, Mebane. 
Maresh, Hultgren,& Bloomfield (1952). 
Although the studies are few it may be 
said that alleviation of pulmonary con- 
gestion was not necessarily a consequence 
of a decrease in the cardiac Output. 


SUMMARY 


1. Radioactive iodine was given to twenty-four 
euthyroid patients with mitral valvulae disease. 
Follow-up studies were made at least five years 
after, Only those patients who before treatment 
underwent cardiac catheterizationg including 
measurements of pressures and flow in the pul- 
monary circulation were included. 

2. Hypothyroidism was produced in majority ¢ 
of patients; associated symptoms were partially 
relieved by thyroid substitution therapy and 
chlorothiazide. ° 

3. There was a gradual fall in the survival rate. 
Among the fifteen patients who were alive afte, 
more than five years the majority claimed to be ¢ 
improved. 


4. The hemodynamic response to treatment! 


was studied in nine patients. In four pulmonary @ 


was 
oO 


. . eo . ray 
arterial hypertension was alleviated which 


,in certain 
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Phonocardiography during Muscular Work in the "Evaluation 


In mitral stenosis, phonocardiographic 
recording of the heart sounds at rest may 
be of value for establishing the diagnosis 
(Kelly, For 


example, in rare cases, the opening snap 


cases 1955). 
which is an important diagnostic sign 
in mitral stenosis (Margolies & Wolferth, 
1932; Wolter, 1954; Mounsey, 1953) 
may not be audible, although it can be 
recorded on _ the 
1953). 


. ; 
yresystolic ‘mur is appar ’ au- 
pyesy . murmur is apparently at 


phonocardiogram 
Mounsey, In, other cases, a 
dible, but phonocardiography shows this 
auscultatory finding to be due to a 
crescendo-shaped first sound (Sewall, 
1909; Alimurwng, 1949) or to a late 
fourth sound ( Johnston, 1035; Bramwell, 
1943; Luisada & Montes, 1950). 3 

The greatest diagnostic advantage of 
phonocardiographic recording is that 
it offers the possibility of measuring time 
relations in a quantitative way (Holl- 


dack & Wolf. 1954). 


his advantage can also be utilized in 


1956; Sprague, 


identification of an opening snap (Au- 
inger, 1957: Read & Porter. 1955). 
In d ‘erentiating’ it from the pylmonary 
COT 


and 


nent of a sound 


split second 


i4 Cratoord 
ce) 


o 
‘Leatham & 


of Mitral Stenosis : 
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‘Towers, 1951; Leatham, 
1954; MecKusick, Reagan, Santon & 
Webb, 1955; Read & Porter, 1955). or 
from a normal or exaggerated third 
sound. r 

Furthermore, it has recently been 
shown that exact measurement of the 
time interval between the beginning of 
the aortic component of the second sound 
and the opening snap, which his been 
observed to range from 0.10—0.11 second 
0.02 


. . ° . 
in tight stenosis,* may 


in moderate mitral stenosis to 


0.05 
provide information about left atrial 
& Gehl, 1951; 
von Bayer,e Loogen & V¥olter, 1956; 
Dittrich, 1956; Moret, Schwartz, Arbett, 
x & Re, 1956; Wells, 19546 
Wells, 1957; Wolter 1954)—Fig. 3. The 


. oO ~*~ 
time interval between th¢ R wave of the 


second 


pressure (Schélmerich 


(;rossman 


ECG and the first heart sound is also 
Wells, 1954. 


1957) of the pressure in this chagnber 


of value for estimation 


Fig. 3). The basic assumptions involved 


in these original measurements have 


® subsequently been studied,jand mainly 


: ; ° ' 
confirmed by direct préssure recordings 


° . 
, {rom the left atrium and_ ventricle 
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936 ; H. 
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Oresen. K. H.: Mitral StenosisgA Follow-up of tors: rationale and results. 7. A. 


351 Patients. Ejmar Munksgaards Forlag, 249. 1945. 
Copenhagen, 19955. Werko, L., Brérck. G.. Craroorpn. ( 
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* HONOGARDIOGRAPHY, OF MITRAL STENOSIS DURING MUSCULAR WORK 


1947: 


ad, 1,948) in the supine or upright 


intensity (Sjéstragd, 


infreasing 


Wah! 
bod\ 7 Pp 
_ne® type of bicycle grgometer ¢Holm- 


sosition. Since the construction of 


. sie | 
sren & Mattsson, 1954), phonocardio- 
graphic recording is technically easier to 
= ° ; ; 
perform during a work test. Obviously, 


4 reeording apparatus of high technical 


VMiannheimer, 1940, 1957). 


An account is given in the following 


studies 


of phonocardiographic studies at rest and 
during muscular work in cases of mitral 
stenosis. Particular interest has been 
focused on changes in the time interval 
betwgen the beginning of the second heart 
sound and the beginning of the opening 
snap, as well as on certain calculations of 
left heart function which may tentatively 
be made on the basis of the phonocardio-, 


graphic measurements. 
CASE MATERIAL AND METHODS 
The 


patients with mitral stenosis, with no or 


‘ 


case material consisted of 27, 
only an yiappreciable degree of mitral 
incompetence apparent; they were exa- 
mined at the laboratory either to estab- 
lish the diagnosis, or for preoperative as- 
sessment. Cathetegization’ was perfor- 
med in 21 cases; 13 of these patients 
were studied at rest only, whereas 8 were 
studied both at rest and during graded 
work (Table 1). In addition, 6 patients 
were studied by phonocardiography at 
rest and during work, but not by right- 
heart catheterization. The majority of 
these patients have also been described 
elsewhere 


holn 


Holmgren, Jonss@n, Linder- 
Sjostrand & Strém, 1958). 


Pp nocardiograms, were recorded in 
6 


«fl f cases 


239 


the supine Body position, usftally from 
the mitral, tricuspgd, gpulmonary and 
aortic areas in succession, during voltin- 
tary breath-holding at the®end of a 
normal expiration, without occlusion of 
the glottis and wit) maximum obtainable 
muscular relaxation. The patients were 


carefully controlled so that they did not 


yandatd is" ‘a ““prerequistte ---fos. -these.. ....perfarm..a.Valsalva_maneeuvre,. which _ 


had a variable influence on the relevant 
time interval of second ssund-opening 
snap (2S—OS); after a few heart beats a 
prolongation was usually seen, as has 
been pointed out earlier (Welter, Bayer 
& Quermann, 1955). This was possible 
to do even during work, which was 
performed in the supine position, after 
the patients had been instructed and 
trained. 

The Klinik” 


(‘Elema, Stockholm) with phonocardio- 


.*® 
electrogardiograph 


e ° , ‘ | 
graph, having one ECG channel (lead 
I), two channels with differential sound 
LOO c/s 


nominal frequencies and one channel 


amplification of 25 c/s and 


with auditory amplification (Mann- 
heimer, 1957), was used for recording. 
An electrically braked’ bigycle ergometer 


) © = 
was used (Holmgren & Mattsson, 1954), 


S . . ‘ 
which was adjustable for work in the 


supine position. In a minor proportion 
S 

the phonocardiograms were 

recorded during catheterization; in the 
. °. . oe 

others, this was not possible for technical 

reasons and was instead performed, one 
° ; 

or two days before catheterization, undgr 

conditions. Blood 


otherwise identical 


oS , ; . 
pressures were calculated in periods ol 


apnea in the expired lung positior® [he 
variation in heart*rate resp8nse on the 
two occasi@is is apparent from lable |, 
wh@tre the heart rate both during cathe- 
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Blakemore, Schnabel, Kuo. Conn, 
Langfeld®? Heiman & Woske, 1995/7; 


Julian & Davies, 1957; Litwak, Samet, 


Bernstein, Silverman, Turkewitz & Less- 
ler, 1957; Proctor, Walker, Hancock & 
Abelmann, 1957). 

It has long been generally accepted 
that the opening snap appears at the 
moment of opening of the mitral vaive 
KMolldack & Wolf, 1956) and this view 
has also been verified by the afore- 
mentiened measurements in heart cathe- 
terization studies. Consequently, the 
time interval from the beginning of 
the second heart sound to the beginning 
of the opening snap should, as il- 
lustrated by Wig. 3, be dependent on 
the difference between aortic endsystolic 
pressure and left atrial endsystolic pres- 
sure on the one hand, and on the time 
course of isometric relaxation in the 
left ventricle on the other hand (Wolter, 
Bayer & Quermann, 1955), provided 
phat the mitral valves are not heavily 
calcified and therefore immobile (Moret, 
Schwartz, Arbeit, Grossman & Re, 
1956). With due regard to*the level of 
aortic pressure, a significant correlation 
has in fact been observed between the 
time interval second sound-opening snap 
and left atrial pressure (pulmonary- 
capillary-venous pressure) in measure- 
ments at rest (Wells, 1954, Wolter, 1954; 
Wolter, Bayer & Quermann, 1955; von 
Bayer, Loogen & Wolter, 1956). In these 
reports, the PCV pressure and phono- 
cardiogram were ®recorded simultane- 
ously to obtain maximum correlation, 
because of the risk that the level of the 
PCV pressure might undergo relevant 
changes within short time periods. It 


has also been observed that, in the up- 
° 


° 
right position, the time interval! secon, 
sountl-opening snap is longer, inc icating 
a loweg*left atrial pressufee than in th. 
horizontal position, whereas after shop 
periods of muscular exercise it is horter 
indicating a higher left atrial pressyrp 
Scholmerich & Gehl, 1951; Schélme. 
rich & Schlitter, 1956). A corresponding 


° 
relation between* this’ tirive’ ifiterval aie 


PCV pressure was observed In cardia 
arrhythmia (Schélmerich &  Schlitter 
1954: Dittrich, 1956; Schélmerich & 
Schlitter, 1956). The effect of medica’ 
treatment or of mitral valwotomy in 
cases of mitral stenosis has even beep 
evaluated as the change in this time 
interval (Schumann, 1954; Holldack & 
Heller, 1956; Steinzeig, Pinsky, Alimur- 
ung & Dimond, 1957). ° 

It has been suggested (Wolter, Bayer 
& Quermann, 1955) that recording of 
the phonocardiogram during exercise 
might yield further information in cases 
of mitral stenosis but, apparently due to 
techyical difficulties, ‘recordings have 
hitherto been made only after the end 
of muscular exercise (von Bayer, Loogen 
& Wolter. 1956: Dittrich, 1956; Kunos 
& Garan, 1956). It is an old clinical 
principle to increase the cardiac output 
M® cases of suspected mitral stenosis, in 
order to evoke or increase the pathogno- 
monic diastolic murmur. ‘This has usv- 
ally been done by letting the patient 
perform muscular exercise before aus 
cultation, and may possibly algo be 
achieved by injection of sympathicom 
metic drugs (Besterman, 1951). The ol¢ 
principle can be used to greater ad 
vantage by observing the patient during 
muscular exercise, e.g. during a work 
test on a bicycle ergometer of stepwise 
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In two patients (nos. 20 55 and 39/55. 
e 


ee 
° . : ms 
2 PHONOCARDIOGRAPHY OF MITRAL STENOSIS DURING MUSCULAR WORK © Y } | o 
& 
| diagnosis of isolated mitral stenosis. 
. . . . ° 
ichial arter®; mm, Mriggan, s, systolic; d, diastglic ; es, ends, stolic; OS, opening snap, 2S, aortic compo- 
ad heart soypd; TS, tight mitral stenosis; VPs. moderat@ly tight mitral stenosis; SR, sinus rhythm; 
Jar fibrillation; FL, flutter. 
1 z < = >. 2a 
Zc 6S =e 7 & : is A Ba 
= “25° 3S <n- 2 % x $4. i. & 
— ‘tec tl 672 8 4d bf ae 
BRA, BRA-PCV, 2 ¢ SH nt 4% ~ a YS 3, : 
s/d_ he ef .@.+¢6 as . ae . - * a . ac . : A ac = -2 Ai S A. = =] 
*96 / 64 26 1380) =—76-86)—s 53-60 5.5—4.8 1.5 4.5 i 7.4 9.9 TS 
“fF 96/30 99/60 44 73 43 42 13.3 5.0 8.8 PL 9.4 2.0 TS 
18/24 102/70 62 73 78 a1 10.7 8.0 8.8 SR 8.2 Sev TS 
“fF 95/28 104/64 58 180 94 38 9.8 6.0 7.3 SR 6.4 2.be TS 
11/18 106/71 74 62 66 52 12.4 8.5 9.2 SR 7.8 0.89 
§/28 7 /7/ b6 4/7 43 21.2 9.0 13.2 SR 0.85 
‘ 21/29 106/60 53 320 84 55 7.8 9.0 5.9 SR 8.5 2./ CS 
19/22 109/64 57 43 70 oF 14.6 9.9 10.3 SR 6.7 le 
WN 2/15 109/72 73 848 54 14.0 7.0 10.4 #SR 6.9 0.86 
. 119/79 71 108 94 « 48 21.5 4.5 15.5 SR 1.07 
110/66 73 42 87 93 10.7 10.0 Y SR 9.2 1.03 
136/81 76 25 51 43 14.6 9.0 15.2 SR 1.8 MS 
112/72 90) 57 88 52 16.1 9.0 10.5 SR 8.1 0.56 MS 
131/79 76 i 45 383.0 45 168 £xSR 0.60 ‘ 
113/71 64 610 90) 5/7 7.6 8.0 8.0 SR 6.8 2.9 TS 
131/78 59 os 8.8 6.0 SR 
113/78 67 170 8 | 95 8.6 6.5 10.3 SR 6.4 2.8 TS 
128/72 27 370 63 99 te 9.6 10.5 SR . 2.8 
114/66 53 720 52 40 14.3 7.0 7.0 SR 10.3 2.0 TS 
120/84 82 341 61-85 44-600 9.0-6.7 7.9 11.0 Fl 8.5 3.4 TS 
123/90 73 695 37-58 46-52 10.4-9.2 Kl 3.6 
121/67 81 84 = 100 58 13.1 8.0 10.1 SR .6 a eee 5 
150/80 83 90 73 51 19.3 9.0 16.6 SR 1.4 
180/83 95 51 5/7 31 21.2 2.9 38 SR 1.6 
129/65 76 222 70 50 11.6 8.5 9.5 SR 9.7 in TS 
146/69 78 139 46-75 39-65 11.8-/.1 6.0 13.3 FI 8.4 2.3 
61 100 3/7 10.4 11.0 SR 8.6 0.96 . 
148 60 43 iaon 8.0 SR 10.4 0.64 MS 
180 92 59 9.3 7.0 SR 5.6 +. 1 
72 49 7.0 SR 8.0 
e 
e e 
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f, in Fig. 3) should denote the rate ol being nos. 35 and 33 in Holmgren? Jons- 

. 4 . | . .* - . tr : . - 

a - relaxation of the left ventricle (Fig. 5). son, Linderholm, Sjéstrand & Strém, 
The time interval from the opening snap 1958) a small degree of mitral regurgita- 
to the first heart sound, i.e., mechanical tion was suspected from the clinical in- 
diastole, was expressed in per cent of the vestigation, and the flow calculations 

f total heart cycle (Fig. 6) *and the may therefore be too low in these cases.® 

t diastolic blood flow from left atrium to Che ratio a/b ofe(a) the average diastolic .° 

a © . . . . 
ventricle—assuming no mitral regurgita- left atrial pressuge gradient to the left . 
, e . , _—— 
tion to be present—was also calculated. ventricle | taken here as average PC\ ? 
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pre@ure above zero), and (6) the dia- 
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e "e TABLE 1. Observations on 21 pati nts wot 
Operation was performed on 14 of them: 11 were then found to have tight mitral stenosis. whereas 
other 3 had moderately tight stenosis. @ 
RA, right atrium: RV, right ventricle; PA, pulmonary artery; PCV, pulmonary capillary venous DOSitic, 
= : : - 
“° of oe a , ' £ 
ale a ome = 2 ¢ ~ _ pe re 
: 1 & & §& O88 83 de ga 8S? Ls — 
eee 8 2 § Be 4S Fe he ES Es RA RV, BG 
ge i eS oe ee ee, ee ee ee ey) | 
S3i3a F Solio CU CUMS 3.8 —srest 100 220 75 2.9 29 12 §=103/12 103/65 
36/54 M 36 1.80 860 650 4.4 rest 150 275 50 Dead 37 8 43/4 
23/54 F 281./8 840 695 6.2 _ rest 110 180 33 ea 50 | 
9/55 M°%38 1.7/6 965 100 4.3 ~~ rest 68 283 50 ~ 83 4 60/4 
43/55 F 29 [7.76 930 590 4.8 rest G2 255 40 6.4 70 | 33 
200 150 = 6 47 71 9. ] 61 
7/55 F 43 1.49 1010 510 £3.6 _ rest 80 208 48 4.3 54 63/5 59/9 
37/54 M 21 1.80 1200 910 5.8 _ rest 9? 288 39 7.4 80 39/0 35/}9 
feiae © ate iao2 Go Se8 «rest 86 38267 35 7.6 88 2 31/2 
200 118 740 71 10.4 88 5 99/7 «52/95 
Sifan © Wiese. 0 fo $4 .. rest 78 189 33 5.7 73 3 21/6 29/9 
200 136 3=6477e 15 6.3 46 : 41/4 39/n 
18/56 M 35 1.82 1160 740 5.4 © rest 73 310 3/7 8.4 115 I 23/1 22/] 
400 117 1418 62 17.3 148 0 46/0 46/)° 
ati22 F Seliwoe lisse 3970 4! rest 79 =—6220 52 4.3 54 2 85/0 85/% 
100 1360—_ 428 96 4.5 33 — 135/13 135/é 
9/56 M 42 1.78 1285 645 5.1 rest 130 0=— 274 57 4.8 37 3 39/2 43/2 
200 izn. Gao 104 6.3 18 —- 78/4 
23/55 M 39 1.74 1080 630 4.2 _ rest 99 282 5] xe 55 0 97/6 103/5F 
26/56 M 34 2.03 1600 1200 8.0 _ rest 98 289 73 4.0 4] 2 62/2 62/: 
LOO 160 = 663 137 4.8 30 . 98/7 %8 
32/55 M 32 1.95 1040 980 6.4 _ rest 8] 295 39 7.6 95 0) 36/0 36)) 
200 108 729 75 9.8 100 -2 . 445 
400 133. «1072 98 11.0 83 4 -— 45): 
17/55 F 42 1.62 1090 660 #£4.9 _ rest 79 §=249 453 5.8 73 0 54 / 99). 
20/95 F 42 1.59 860 570 3.6 _ rest ae 4 46 4.6 47 | 53/3 3932/2 
10/54 M 34 1.76 1020 905 5.8 © rest o> 200 4] 9.9 9] 0 —— 23/1 
7/54 F 38 1.54 570 550 £4.0 _ rest 112 231 40 5.4 48 0 — 23)! 
8/593 F 47 a | ae rest 76 113 36 3.1 4] 5 41/6 41/2 
36/53 F 39 iS a ae) eee i 39/3 
e e 
terization and during the phonocardio- (Fig. 4, right). ‘The endsystolic aortic 


graphic study is shown. 


Calculations 


6 
The average change in the 2S—OS 


interval with change in pulse rate (Fig. 3 


* 


o . 
lower part) was calculated, and using 
thig hMgure the individual resting 2S—-OS 


. ° ss? 
intervals were ‘“‘corrected”’ to heart cvcle 


O80 sec. 
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heart rate 75 beats/min 


® 
second heart sound) pressure 


pressure was next assessed as the end- 
systolic pressure in the brachial artery, 
and the gradient between “‘aortic”’ end- 
e . ; 
systolic pressure and “‘left atrial’’ end- 
systolic. (taken as the PCV pressure 
maximum occurring slightly after the 
(Py 3 
Fig. 3) calculated. The ratio of this pres- 
sure gradient to the 2S°OS time interva’ 
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Fic. 1. A. A.. a woman. 15-12-26. catheterization 41/1955. Mitral stenosis (Table 1). Phonocardiograms 


each recording includes ECG lead I, and PHCG with differential amplg@ication of low, medium and 
auditory frequencies) recorded over apex region, 4th L.I.S. at sternal border, 2nd L.1.S. at sternal 

* border, and 2nd R.I.S. at sternal border. Recordings made with the patient supine, at rest, during 
and after muscular work (200 kgm/min) on a bicycle ergometer. Lower part of figure shows recordings 
in the suBine position during right-heart catheterization: ECG, and blood pressur (mm He) in bra- re 
chial artery and in PCV position in rifht lung. First recordin® at rest, second recording during muscu- 
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lar work. 
Arrows mark beginning of aortyc component of 2nd?sound and of opening snap. Note incre&se in 

diastolic murmur and shortening of time interval between arrows during work. 
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stolic blood flow from the left atrium to, 


the left ventricle. is an index of the 
resistance to flow of the m#atral orifice. 
Such 


951. Gorlin. 1954) may be made in 
LOS 1% 


calculations (Gorlyn & Gorlin, 
different ways (von Bayer, Loogen & 
Wolter, 1953; Rodrigo, 1953), and the 
ventricular diastolic value may be as; 
sumed to be slightly higher than zero 
Gorlin & Gorlin, 1951). , : 
The aforementioned calculations are 
based partly on direct measurements, 
having experimental errors and _ biolo- 
gical variations, and partly on assumed 
values or conditions. ConSequently, the 
but 


‘probably large error, and are used here 


calculations have an unknown 
mainly to point out possible ways of 
analyzing mitral stenosis. Direct record- 
ing of left ventricular pressures, made 
simultaneously with cardiac-output mea- 
surements and phonocardiographit re- 
coudings, are needed to demonstrate the 
possible accuracy and value of the calcu- 


lations in question. 


RESULTS AND COMMENTS © e 


In all but one of the investigated cases 

of mitral stenosis, the apical diastolic and 

: ° 
presyRolic 


murmur increased during 


work (in a few cases it appeared). The 
i | 


appearance or accentuation of a diastolic 
murmur was of qualitative diagnostic 
value in a few of the patients with mild 


or moderate stenosis. The opening snap 
always moved closer to the second sound 
during work (Figs. | and 2, Table 1). 
The relation obtained between the time 
interval 2S—OS and the values of PCV 
gneafi pressure, observed during cathe- 


rization, is shown in Fig. g. 


* 


e . . 

The values at rest show considera|)le 
scatter. This might be ascribed to the 
fact that the phonocardiograms were 
recorded during catheterization nly g:% 
minority of cases, and that th® pulse was 
then usually higher (by an average 13 
beats/min at rest and 22 beats/min “dur- 
ing work) fhan during phonocardio- 
graphic recorditig: ‘The scatter was, how- 
ever, increased by relating the time 
interval to a common heart rate (Fig. 4, 
right; Wells, 1954). The highest PCY 
pressure was noted in a patient (no. 44 
93) who had very low stroke volume and 
high pulmonary vascular resistance, as 
well as auricular fibrillation. Her 2S 
OS interVal at rest ‘average ventricular 
rate 74) was {4 csec. At catheterization 
the average ventricular rate was 100; 
the 2S—OS interval “‘corrected” to this 
heart rate would be about 4} csec, which 
is a value better corresponding to the 
high PCV pressure. The scatter in Fig. 4 
(left) may thus be somewhat decreased 
by rglating the 2S—OS time interval to 


the actual heart raté at catheterization.. 


The arttrial blood pressure at rest 
differed ih the respective patients, but 
no consistent relation was observed be- 
tween the level of systolic or diastolic 
arterial pressure and the time interyal 
between second sound and openin® snap. 
(See Table 1, where the cases are ar- 
ranged in rising order of arterial systolic 
pressure at rest. ) 

During work, the PCV pressure rose 
regularly in these cases, and the time 
interval second sound-opening snap al- 


1—4). In 
Pig. 3%he relation obtained between 


ways became shorter (Figs. 


pulse frequency and time interval 1s 


shown. With rising work loads and 
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Fic. 4. Relation between time interval (csec) from beginning of aortic component of 2nd heart sound to 
beginning of opening snap (abscissa) and endsystolic pressure (mm Hg) in PCV poSition during right- 
heart catheterization (ordinate): values in 21 cases of mitral stenosis. Observations with patients in 
spipine position, at rest (open circles) and during muscular work on bicycle ergometer (filled circles). 
A straight line joins values recorded in the same patient at rest and during work. Four patients with 
auricular fibrillation or flutter (dotted circles) are included. The other patients had sinus rhythm. 
The left-hand part of the figureshows values actually recorded, irrespective of heart rate. In the right- 
hand part, the sound intervals (abscissa) have been recalculated to a heart rate of°75 beats/min. 


toms, and there was also a more frequent 
occurrence of high PCV pressure in such 
cases. The opening snap was less easily 
audible in cases with high pulmonary 
resistance, which is a common experi- 
ence, although the PCV pressure was 
relatively high. This has been suggested 
to be at least partly due to the frequent 
occurrence of significant calcification of 
the mitral cusps at this stage of the 
disease, leading to decreased valvular 
mobility. 

In one of the five patients examined 
by rigRt-heart catheterization ‘and by 
phonocardiography during work, the 
diastolic murmur decreased during mus- 
cular woyk, and the openi®g snap dis- 
ippeared or *became indistinguishable 
‘rom the second sound. This patient had 
PCV 


ascular resistance, and during the work 
* 


ugh 


pressure and epulmonary 


test an incipient attack of pulmonary 


edema occurred. For this reason, a 
work test was not made in the catheteriza- 
tion study; consequently, we do not know 
whether a diminution of cardiac output 
occurring during work was responsible 
unusual 


for the phonocardiographic 


change. 


** 


The apparent “rate of relaxation” of 
the left ventricle was found to increase 
during work with rising pulsé rate (Fig. 
5, left), but also appeargd to be depend- 
ent of the aortic-atrial pressure gradient 
(Fig. 5, right) both at rest and during 
2 


muscular work. 


As described under Methods. the 


cardiac output was recalculated to rate 


gol blood flow during diastole. During 


muscular work the pulse rate rose, 


cardiac outpuf usually increased mode- 


.e + 
ratelye and the percentage duration o 
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Fic. 2. H. 


nosis ~ 


A., a woman, 32-09-16. Mitral ste- 
pregnancy (4th month). Phonocardio- 
grams recorded in supine position, at rest and 
during work on bicycle ergometer. Further 
explanation: see Fig. 1. Note increase in dig 
stolic murmur and shortening of time interval 
between arrows during work, 


shorter 2S—OS time intervals, it became 
increasingly difficult to distinguish the 
snap in the phonocardiogram as _ it 
entéred into the later oscillations of the 
sécond sound. It was even more difficult 


to differentiate the two ae Oe from one 
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Fic. 3. Top: Schematic drawing illustrating de- 
pendence ofthe two time intervals, i.e., from 
R wave on the ECG to Ist heart sound (f 
and from aortic component of 2nd heart sound 
to opening snap (f,) 
enddiastolic left-ventricular and atrial pressures 

° P,) and @ndsystolic aortic and atrial pressures 
(P,), respectively. Bottom: Relation between 
time interval from aort& component of 2nd 
heart sound to opening snap (abscissa) and 
heart rate or duration of heart cycle (ordinate): 
values in 16 cases of mitral stenosis; recordings 
made at rest and during muscular work. Sym- 
bols as in Fig. 4. 


another by auscultation 
, - 6 
Wolf, 1956). e 


© 7 beaded 
No apparent correlation existed e- 


Hlidack & 


tween pulmonary vascular resistance 
and *2S—OS time interval at any given 


level of PCV 


creased 


pressure. Cases with in- 


pulmonary resistance usuall\ 


represented longer duration of symp- 


. on the difference between, 
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pressure rose* with increasing diastolic 
flo 


¢ 
1S probably 


which 


the 


with an ipclinatior? (Fig. 6) 


directly related to 


® obstruction to flow in the mitral orifice. 


SUMMARY ®° 


Patients with mitral stenosis were investigated 


~~ Sima a. 


diography and also by right-heart catheteriza- 
tion. The increase in diastolic murm®@®r, which 
regularly occurred during work, may be of diag- 
nostic value. With rising intensity of muscular 
work, the time interval between beginning of 
second heart sound (aortic component) and 
beginning of opening snap yegularly decreased. 
The following circulatory changes were recorded 
during work: an increase in pulse rate and cardiac 
output; a proportionally larger increase in dia- 
stolic flow through the mitral orifice than in 
cardiac output (due to relative shortening of 
diastole); an increase in PCV pressure which 
was directly related to diastolic blood flow; the 
left-ventricular relaxation rate also seemed to 
increase during work, It 1s possible that, besides 
being a practical, although relatively inexact, 
index of left atrial pressure at rest, the time inter- 
val between second sound and opening snap may 
be used in evaluating the circulatory response to 
muscular exercise in patients with mitral stenosis. 
Direct recordings of left ventricular pressure and 
cardiac output, and simultaneous recording of 
the phonocardiogram, are needed to test this 


possibility. , 
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®ressure rose with increasing diastolic . 

dow with an inclination (Fig. 6% wich 
° . 

is eprobably directly related to the 


obstruction todlow in the mitral orifice. 
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SUMMARY , 
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Patents with mitral stenosis were investigated 
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diography and also by right-heart catheteriza- 
tion. Lhe increase in diastolic murmur, which 
regularly occurred during work, may be of diag- 
nostic value. With rising intensity of muscular 
work, the time interval between beginning of 
second heart sound (aortic component) and 
beginning of opening snap regularly decreased. 
The folowing circulatory changes were recorded 
during work: an increase in pulse rate and cardiac 
output; a proportionally larger increase in dia- 
stolic flow through the mitral orifice than in 
cardiac output (due to relative shortening of 
diastole); an increase in PCV pressure which 
was directly related to diastolic blood flow; the 
left-ventricular relaxation rate also seemed to 
increase during work, It is possible that, besides 
being a practical, although relatively inexact, 
index of left atrial pressure at rest, the time inter- 
val between second sound and opening snap may 
be used in evaluating the circulatory response to 
muscular exercise in patients with mitral stenosis. 
Direct recordings of left ventricular pressure and 
cardiac output, and simultaneous resording of 
the phonocardiogram, are needed to test this 


possibility, 
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Fic. 5. Left: Relation between calculated value of “rate of relaxation” Of left ventricle (abscissa) and heart 


rate or duration of heart cycle (ordinate). Symbols as in Fig. 4. Right: Relation between “rate of relaxa- 


tion’ (abscissa) and difference between endsystofic 


(ordinate). Symbols as in Fig. 4. 
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Fic. 6. Left: Relation between heart rate or duration of heart cycle (abscissa) and time interval from open- 
Png snap to Ist heart sound in per cent of total heart cycle ( % diastole, ordinate). Symbols as in Fig. 4. 
Right: Relation between diastolic blood flow from left atrium to ventricle (abscissa) and average pres- 
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sure in PCV position (ordinate). 


diastole (Fig. 6) diminished, implying a 

. . * A . 
considerably increased rate of diastolic 
flow through the mitral orifice. Such an 


: eres : So. - ; 
increase Qbviously resulted from an in- 


creased pressure gradient between lett 
atrium and left ventricle, as was also 
apparent from the raised PCV pregsure 


level during work (Fig. 6). The PC‘ 
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. 6. Left: Relation between heart rate or duration of heart cycle (abscissa) and time interval from open- 


@ ing snap to Ist heart sound in per cent of total heart cycle ( % diastole, ordinate). Symbols as in Fig. 4 
Right: Relation between diastolic blood flow from left atrium to ventricle (abscissa) and average pres- 


sure in PCV position (ordinate). ° 


diastoles(Fig. 6) diminished, implying a 
° . | 
considerably increased rate of diastolic 
' ec © 
Such an 


increase Obviously resulted from an in- 


2 
flow through the mitral orifice. 


creased pressure cradient between left 
atrium and left ventricle, as was also 
apparent fromethe raised PCV pressure 
level during work (Fig. 6). Thee PC\ 
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F. 'THERKELSEN. P. A. GAMMELGAARD and I. Bors®Nn 


The prognosis for children with ventri- 
cular septal defects depends on the size 
of the defect and presumably also on the 
condition of the pulmonary vessels. 
Efptrienge shows that the prognosis iS 
vood when the defect is small and the 
heart of normal size or only slightly 
enlarged. Most of these patients may 
lead a norfnal life and have apparently 
the same life expectancy as other indi- 
viduals (I. D. Keith et al., and others). 
On the other hand, the epregnosis is 
less hopeful for infants with large defects, 
increased pulmonary flow and _ pul- 
monary hypertension. Many of these 
patients die at an early age; according 
to I. D. Keith et al., most of them suc- 
cumb within the first year of life. A. S. 
Nadas emphasises that the prognosis is 
poor in the presence of a markedly in- 
creased blood flow and increased pres- 
sure in the pulmonary artery, and G. 
@raloord elaims that the outlook de- 
pends to a very great extent on the size 
of the That 
idren die at ®n early age appears 
mghe report by I. Boesen & S. Vemndel 


aeseries of 1145 autopsied ® children 


detect. many of these 


Gar @ 


who died from congenital heart disease . 


before the age of 4 years. 

Of these children, 1084 (95 %) died 
before the age of 12 months; ventricular 
septal defects (sometimes associated with 
atrial septal defect (secondary defect) 
and/or patent ductus arteriosus) were 
present in 21 % of these 1084. 

Nearly all these patients presented 
lafge ventricular septal defects with con- 
siderable cardiac enlargement; more 
than one half of them died before the 
age of 5 months. 

Thus, there is a group of infants with 
ventricular septal defects in whom treat- 
ment must be instituted within the first 
6 months of life, if they are to be given 
all. ‘The 


infants in whore the prognosis is parti- 


any treatment at 

cularly grave compriseg the cases with a 
ae 

large defect and a large shunt associated 


& . . . 
with increase? pressure in the right 


ventricle. possibly equal to that in the 


left ventricle. In some of these infants. 


the pujmonarygresistance may gradually 


° ) | 
become so greaf that the direction of the 


. bd ; , ; 
shunt is reversed, by which their disease 


©. v 
changes into an Eisenmenger complex, 


— 


group of 
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SEPTAL DEFECTS IN INFANTS AND THE DAMMANN-MULLER OPERATION >» at to 


TapLe 3. Ten cases of ventricular septal defect subjected to Albert’s modification 


, of the Dammann—Muller opegation. 
— — o 
o Pressie measurements 
on the table, mm Hg ° sos oad ° 
Follow-up examination 
Syst. press. ° 
} in rel. to ee Length Cardiothoracic 
o narrowing Condition of obs. index 
i 9 Case, age at . at discharge p@riod, Clinical 
operation Prox. Dist. Gradient from hospital years Pre-op. —_ f.-up condition 
= S pS ccc oe —" “a éi ae ee eee Oe eee ee ae nn a “ee ee ee eee ee ee 
Henrik H.. 76 =36 40 C;ood 1} 69, 60 Good 
! ~—- 8 mos. 
9 ’ — 2 ' os “7 
) Toni H., 60 99 J Good 5 62 65 Fair 
/ mos. 
, | Ove M.. 86 8650 36 (sood je 60 51 Excellent 
7, mos. 
arr ° | 
Eivind G. H.., Died, autopsy 
54 mos. ° VSD 3 *5 mm 
> : — . 
Ellen J., 70 40 30 (,ood e ; 64 57 ~=Excellent 
; 3 mos. 
| John K. J., ioe dé 25 (ood 64 rs Died shortly ‘ 
| 5 mos. e% alter discharge 
: (pneumonia) 
Lola P., 73 56 17 «Recently 67 
' 34 mos. operated on. 
Satisf. ° 
Kim H.., , 26 Died; no autopsy 63 
IQ MmoOs., 
pe _ ® 
Kim A.., S2 44 38 Recently 65 
| 2 mos. operated on. J 
| Satisf. r 
fe e | 
| Svend J., 62 38 24 Recently 61 
@ 7 mos. . operated on. 
e atisf. : ° 
. ° 
; o 
° 
° 
: ; — e 
re a eee nary pressure is obtained. The only case 
DISCUSSION 
in which the pressure was reduced by 
° . ~ . . 
In 22 cases of ventricular septal defect, only 5 mm Hg did not show any im- 
~ in which disease the prognosis without provement. In kia W., considerable im- 
, Operation, in our opinion, Is very grave, provement during the first 3 years was 
surgical narrowing of the pulmonary followed by gradual development of 
artery seems to have opened a possibility cyanosis, but this was gnly to be expected 
. . . . 
to carry some of these patients through in view of the absence of growth of the 
infancy, in which radical operation 1s narrowed portion of the artery, (Fig. 3). 
lraught with dangers. ‘The improvement It must be admitted that it had not been 
- = e 
. : ° . . ‘ 
° _— p@sists for a prolonged period, provided possible to catheterise the pulmorf®iry 
’ . . . . o . . 
that a sufficientYeduction in the pulmo- “artery peripheral to the stenosis; accord- 


@ 
. 
aa 
Pa 
a *** ‘ ~_ . - 
: ° 
ped 
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TABLE 2. Six cases of ventricular septal defect subjected to the modified Dammann 


Muller operation (only excision of a segment of the pulmonary artery), | 
— : en 
sian F - - = | 
© Pressure measurements 
on thettable, mm Hg 
- Follow-up examination 
Syst. press. — | 
inrel.to , - Lenght Cardiothoracic e ; 
narrowing Condition of obs. index ad 
Case, age at at discharge period, Clinical ‘ 
operation Prox. Dist. Gradient from hospital years Pre-op. — f,-up condition 
: aa . vo ° raat Jt neenee tatu esse neence mene sence 6 shea 
Bente N.., e8 35 33 C;ood 9 34 ; = 35 C;ood 
6 mos. 
° 
Lone A.., 98 SU, 68 (;ood 34 60 56 Excellent ) 
44 mos. , ; . e | 
Bjarne T., 4) 26 19 Died, autopsy A | 
3 mos, VSD 7 x 12 mm 
Kaj M., 80 39 4] Died, autgpsy 67 
4 mos. VSD 3x6 mm 
Borge B., 65 24 39 Died, autopsy 65 . 
2 mos. VSD 4*8 mm , 
_ ] 

Frank ]., 106 =—68 38 Died, autopsy ° | 
8 mos. VSD 8x 12 mm | 
e s 

, : ° 
heart had approached normal, and the. improvement, if any, had _ occurred 


general condition wag good. However, 
the children showed slight dyspnoea at 
rest, but cyanosis was absent. 

In these 7 children a good gradient in 
the pulmonary artery had been obtained . 
at operation. : 

In | case, the condition could merel¥ 
be described as satisfactory. The child 
thrived "fairly well, but rather pro- 
nounced dyspnoea was present. The 
heart had not decreased in size.” The 
explanation of the absence of improve- 
ment in this case presumably was that 
the patient at operation had tolerated 
only a relatively slight narrowing (gra- 
dient 5 mm Hg). It is true that in this 
case the observation period was only 6 


months, but in all the other cases the 


within the first few months after opera- 
tion. ° 

* In none of the 8 cases considered above | 
was cyanosis observed at the follow-up | 
examination. On the other hand, in the. | 
last of the 9 cases subjected to follow-up 
examination it appeared that the child j 
had *shown considerable improvement 
during the first 3 years, so that, accord- 
ing to the statements of the parents and 
the results of a follow-up examination at 


that time, it was practically normal as 


far as physical development, heart size? 
and general health were concerned, but 
during the fourth year afer operation 
the condition showed slow deterioration, 


with increasing dyspnoea and, especially, 
(Pia W., Fig. 3.) 


cyanosis. 
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SEPTAL DEFECTS IN INEANTS AND THE 


N. 
° . 
and in Bernh. L. 


4b) 33 years postopera- 
N. (Fig. 26) 2 


we found 


Bente N. (Fig. 


tave! 


vears postoperatively un- 
’ . 8 

changed pressure in the pulfhondtry 
At the 


follow-up examination, the condition in 
and 


and cyanosis 


was absent. In Bente N.. who underwent 


artery peripheral Fa the stenosis. 


these two children was ‘“‘good” 


“excellent,” 


respectively, 


operation by the modified Dammann- 
Muller method, there might be a certain 
risk of Subsequent dilatation of the surgi- 
cally narrowed portion of the pulmonary 
artery. However, the results of heart cath- 
eterisation and angiocardiography at the 
follow-up examination seem to show that 
this had not occurred (Fig. 4a and }). 

Radical operation, which may later be 
considered in all these patients, has in 


* . 
some of the cases been rendered difficult 


|. because the original Dammann-Muller 
Oo 


operation andeits first modification may 
&n 


the pulmonary artery, w vhereas the modi- 


require some form of plastic surgery 


fication devised by Albert must be as- 


° . on ene . 
sumed to give better posspbilities of*radi- 
cal operation. 


o 
‘ SUMMARY 


° 
° 

Some studies on the use of the original Dam- 
mann—Muller operation afd two modifications 
are reported. These operations were employed 
as a palliative measure in infants with ventricular 
septal defects arid markedly increased pressure 

the pulmonary artery after conservative treat- 
nent had failed to bring about any improvement. 
total of 22 infants were subjected to operation, 


‘h 10 primary deaths. However, amoffy the 


iQ at ae :, -_tt : 
patients who underwent operation, only 
° 


°°? Oe Gehe fF. tee ere & ome ow mes 


leaths occurred. Nine patients were followedg 


iter observation pgriods ranging from 6fnonths 
° 
@ + years: seven showed excellent or good gesults, 


| ° 
~ e 
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whereas the results could merely be described as 


satisfactory in | case. In 1 case, considerable im- 
provement during the first 3 years was followed 
by a downward course with increasing cyanosis. 
It is emphasised that after th¥ lapse of some years, 
the be 


palliative operation must presumably 


followed by radic ab ope ration in open cardiotomy. 
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| Fic. 3. Ventricular septal defect. Pia W., 74 months old. Dept. R, 7.12.54. 
| Op. Dammann—Muller. Angiocardiography, ¢4 years postop. Upper 
S . , ~s . ; e 
arrow: artif. sten.; lower arrow: pulm. valv. Left: frontal view. Right: 
side view. 
° 
: e 
° 
° ° 
in ARTIF STENOSIS : 
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Ly ‘ NAA 
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; oo Lay too NEES men Jv 
———-PULM. ARTERY <-R VENTR-— 
(6) Same patient, pressurg curve at the cardiac 
catheterisation 34 years postop. ° 
ingly, it cannot be ruled out that pro- 
e : . 
gressive cRhapges in the pulmonary 
° 
vessels may have played a role. However, 
angiocardiography (Fig. 3) showed a 
pronounced hypoplasia of the pulmonary 
artery peripheral to the artifigial stenosis, 
° , which provideg weighty evidence in 
° ve favour of the assumption that it is the 
n artificial narrowing which had given 
hic. ® Ventricular septal defect. Bente N.. 6 months _ © . ; 
Sete a rise to the development of a -right-to- 
old. Dept. R, 4.10.55: Op. Damme@enn—Muller e neni aie. . 
a modifffd (only excision of a segment of pul- left shunt. Weighing against changes 1n 
monary artery). (a) Angioca@iosraphy. 34 vear _- 
“gh Lal enero ey, 35 years the pulmonary vessels are also the facts 
postop. l pper arrow: artil. sten.; lower arrow: ; P 
pulm. valy, that at the follow-up examination ol 
° 
° 
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Some Observations on Heparin Elimination and Correlation between: Heparin - 
Level and Clotting Time after Intravenous Injection 


- - ° 
BirGER BLOMBACK, MARGARETA BLOMBACK, PER OLSSON, 


GORAN WILLIAM-OLSSON and AKE, SENNING 


The necessity of using heparin to prevent 
coagulation during extracorpéreal circu- 
lation has made it desirable to have a 
method for controlling the heparin level 
of the blood. This applies particularly if 
a bleeding tendency appears during the 
when it is im- 


. ° 
pr stk yperative course, 


portant to know whether or not the 
heparin has been adequately neutralized 
by prétamine. 

The method used for determination of 
the heparin content of the blood in con- 
nexion with such operations has Been 
described and discussed earlier (Blom- 
back, Blomback, Senning & Wallén, 1955 
a, 6) and is briefly given below. Further- 
more, some observations on heparin eli- 
mination &nd correlation between hepa- 

level and clotting time are repogted. 

in principle, the method is a thrombin 
titration. A constant amount of thrombin 
added to plasma contagning an excess 
the heparin co-factor; @the clotting 


° of the 


me will then be a function 
parin concentratidh in the plasma. 
° 


MATERIAL 
Blood from 


several donors is drawn into a solution 
<2H,O) (1 
The blood 
is centrifuged and the plasma samples 
20°C 


Each vial should contain about 


1. Human standard plasma. 


of 3.7% trisodium citrate | 
part citrate to 9 parts blood). 
pooled and frozen °at in closed 
vials. 
50 ml of plasma. Thawing of the plasma 
should take place rapidly at 37°C. During 
the determination, the plasma is kept 
at OC 
2. Bovine plasma (heparin co-factor). 
3.1% 
After 
centrifugation, the plasma is frozen in 
020 C, 


conditions the reagent is stable for at least 


(ice-water). ° 


The bovine blood is drawn into 
citrate solution as described above. 
50 ml portions at Under these 
s@me months. 

After thawing the plasma 1s kept at 
OC 


3. Thrombin. 


during the determination. 
The 


boving origin, and was usually prepared 


thrombin is ot 


according to Seegers, Loomis & Vanden- 


belt (1945). The activity of this thrombin 
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. DETERMINATION OF 


TABLE I. ¢ 


Heparin, I.U. ml” 


() 0.4 0.6 08 0.98 
= 
Clottine®® ® 14.5 20.1 28.2 44.5 70.0 
ion 140 20.6 30.3 °46.2 72.3 
ane. 13.5 19.0 28.5 48.3 77.0 
Mean 14.0 19.9 29.0 ° 46.3 73.1 
3-5 minutes, after which thrombin is 


. . . . 
added, and the clotting time determined 
as described above. ‘Two or ¢hree deter- 
minations &re made, and the mean value 
taken. The number of heparin units/ml 
of plasma is then read off on the standard 
7 © . 
curve. If desired, the plasma sample can 
be storedeat —20°C before the deter- 
mination. e 

, : 6 , 
if the clotting time of the sample is 
too high to be read off directly on the 
curve, the sample must be diluted, with 
a 


e human standard plasma. Dilution with 


physiologic saline egives a_ deviating 
value, possibly que to the decrease in 
fibrinogen, concentration of the system. 

Since in prineéiple the method is a 
thrombin titration thé original thrombin 
concentration will, in fact, be “decisive 
for the Course of the curve. If the throm- 
bin concentration, is increased, larger 


° o . 
athounts of heparin can be determined. 


| : ; 
wl an increase fh thrombin concentration 


gives a decrease in the cloteing time for 
oO 

jhg zero point (sample without heparin), 

*e.o. fram 14 seconds to about |1 seconds, 


it implies that the heparif concentration 
c 


ust be*increased by, in wound figures, 


0°, to obtain the same clotting times 
as for the lower thrombin concentration. 
In ‘thie wee Ot ; me anit 
| this way, higher heparin concen- 
. ° . : ‘ 
ition can be defermined within the 


ne clotting time,range. 


Vv 


HEPARIN LEVEL OF THE BLOOD @ 26 | 
° 
ABLE 2. 
. . 
Heparin, I.le./ml 
0 46. | 0.2 - 0.4 
- 
Clotting 30.5 32.8 39.4 69.0 
time, 30.5 32.5 39.4 68.9 
» sec. ° 30.0 32.5 3/79 80.0 
2 32.5 79.0 
77.0 
Mean 30.3 32.0 38.9 74.8 
po nen nee eres mn ae etn nguieg 
7 ‘ ° ° 


° 
As can be inferred from ‘Table 1, the 
first part of the curve in the case in 
question, corresponding to a_ heparin 
concentration of less than 0.4 I.U./ml, 


is somewhat flattened. Consequently, 
the® determination in this part of the 
carve cannot be as exact as in its steep 
part. If it is desired in this casé to deter- 
mine exactl¢ areactivity Below 0.4 1.U./ 
ml, the original thrombin solution must 
be diluted. With*a thrombin solution 
containing approximately 2-3 N.I.H. 
ulfits/ml, the zero point of the standard ° 
curve will lié between 25 and 30 seconds. 
A heparin activity between 0.1 eand 0.4 
[.U./ml can then be determined (see 


‘Table 2). ners : 


© ° 
RESUS AND DISCUSSION 
e 
° ° 
The technique described is sifnple and o ce 
rapid. It takes less than 10 nfinutes to ° 


the of 


plasma. Moreover, as far as the ordiuary 


determine heparin level the ° 
commercial brands of hepafin are con- 
cerned, thé thrombin method has shown e 
g@od agreement with the whole-blood 
method according to Jalling, Jorpes &e 
Linden 1946), and the method has been ° 


for 


ordinary commercial heparin injected 


° . . : 
found reliable determination ol 


into the blood stream. Furthermore, very 


yaa) ) . ° 


about 80 N.I.H. units/mg. Com- 
. 


iS 
mercial brands of thrombin, e.g. Topp- 
Roche gr 


Parke Dav), were also used. ‘The 


stain Thrombin Topical . 


ae + oe ay 
thrombin is dissolved in distilled water * 


o 
, to a strength of 40 N.I.H. units/ml. The 
solution is frozen in 20-ml portions and 
can be stored at — 20°C for several weeks. 
eee “Kor the determination, the thrombin 
solution is diluted with distilled water, 
so that the clotting time for the zero 
point of the standard curve will be 14-15 
seconds. The reagent diluted in, this way,«, 
| is kept in silicone-treated glass vessels ag 
0°C, and then remains unchanged for 
several hours (at most 6-8). 
¢. Heparin.—Heparin Vitrum, con- 
taining 100 1.U.?mg, is used. For the 
standard curve a stock solution in 0.9 % 
NaCl, containing 20 I.U./ml is prePared 
20 C. For injec- 
tion, 5 % Heparin Vitrum (5000 I.U./ml) 


was used. 
oO 


and stored frozen at 


oO 
~T , , .. 
5. Siliconization was performed with 
Siloxan 300 (Uddeholmsbolaget, Swe- 


_ 
den). 
oe 


PROCEDURE 


Five ml of standard human plasma is 
pipetted into each of five test tubes. To 
the first tube is added 0.5 ml of 0.9%. 
sodium chloride. Heparin in a rising 
series 1s addedeto the other tubes, and 


. - 
the volume added then adjusted to 0.5 


my with physiologic saline. The quantity 
of heparin should be adjusted to give 
the following final activity if the 
standard series: 0, 0.4e 0.6, 0.8 and in 
the fifth tube 1.0 I.U./ml of plasma 
mixture (volume 5.5 ml). The contents 
of the tubes are well mixed® 


Into each of 3 clean test tubes (10> 


Me Mh Fe Om HT] ey C8 Sw 


B. BLOMBACK et ai. 


) 
, 00 mm) is pipetted in the follow ng 
order: 0.5 ml of bovine plasma, 0¢5 ml | 
of distilled water and 0.5 ml 6f normal 
plasma (first tube in the standard seri), 
«lhe tubes are then placed in a wate? 
bath 30°C, 


, rie e : , 
«minutes. Using an ordinary tubercyplin | 


—" 


at and incubated for 3-5 


syringe, 0.5 ml of thrombin solution js 


—_ OR DR OR OR FR OR OP RR Om Gwe 


added to one tube at a time, and a stop- 


watch started simultaneously. The end- jg 
spoint of the clotting time is given by the ' 
first fibfin threads picked up by a looped | 
platinum wire, which is moved cau- 'e 
suously up and down in the tube during , 
the determination. When®* the clotting ‘ 


time for all three tubes has been noted, 
similar determinations are made on the } 
standard plasma, containing 0.4, 0.6, 
0.8 and 1.0 I.U,/ml of heparin, respec- 
tively. A typical series is shown in 
Table |. The longest clotting time should | 
*not be much ionger than 100 seconds, as® 
the fibrin threads then become extremely 

fine and difficult to detect.” : 

A standard curve can be plotted by | 
using the mean value for the clotting 
times on the ordinate, and the cor- 
responding heparin concentration on the — | 
abscissa. It has a typical e&kponential | 
course. This curve has to be redrawn 
each day or as soon as a new thrombin 


°. 
sample is thawed. 


The blood of which the heparin con- ° 


centration is to be determined is with- ¢ 
drawn into 3.7 % sodium citrate (1 part, | 
to 9 parts blood). Th€ blood is centri- 
fuged for at least 4—5 minutes at 3000- 
4000 and _ the plasma 
off. To a test tube Is added 0.5 ml of | 


. = 7] — 
bovine plasma artd 0.5 ml of distilled 


U 
> 


pipetted ° 


° 
water, as well as 0.5 ml of the plasma to 


be dested. Incubation 1S performed for 


ce] ‘ 
e 


e 
@ 


* 


centration in I.U./ml plasma. Time in minut 
° 


sence of an excess of co-factor has proved 
to have good reproducibility. With this 
method, heparin added to the fresh 
plasma of different individuals can be 
recovered to 108 +4 %@ as compared to 
that, recovered after addition to the 
thawed 


standard Since the 


standard plasma has been frozen, and 


plasma. 


the sensitivity to heparin thereby re- 
duced, the amount recovered will lie a 
lew per cent above the expected amount. 
This error is decreased when the samfile 
is diluted with standard plasma, and it 
is Obviously eliminated when also the 
sample has been kept frozen. 

From the eljnical point of view, it is of 
importance to ascertain the correlation 
between the biological effect of heparin 
and its plasma concentration. Intra- 
venous injétions ranging from 2—6 mg 
ke b.w. (200-600 I.U./kg) were given 


S. 
0 patients, and the heparin con- 


- * 


Heparin eliftination after injection and its correlatiog to coagulation time. Heparin con- 


centration and the correspondng clotting 
time at various intervals were deter- 
mined after injection. The clotting time 
was determined with a modification of 
Bergquist’s method (Jorpes, Blomback 
& Blomback, 1954) when tht coagula- 
tion 20 
Samples with longer coagulation * times 
tubes. Like 
Jaques (1939) and Monkhouse (1953), 


. .» & . . s 
we found the individual variation in 


time was less than minutes. 


were determined in test 


; ° e a : 

clotting time at a, given, heparin con- 
centration ®& de very great (Fig. 2). For 
example, at 1.2 I.U./ml, the coagulation 


time varied between |7 and 110 migutes, 


and at 2.5 I.U./ml it varied between 
40 minut@s and no coagulation within 


12 hours. 


of 


At a concentration 
° 
than 3.6 I.U./ml no coagulation occug- 


more 


red within |2 hours. 
It is also important to know the elimi- 
nation of heparin to get an idea of 


kg Dw 
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Fic. 1. Correlation of clotting time to pl@sma 
heparin concentration in a thrombin-plasma 
system. I, Human plasma; Il, human plasma 

bovine plasmm. = -* 


small quantities of heparin can_ be 
determined with this method (1—2 y/ml 
above normal). Several other techniques 
have been described in the literature; an 
account of thefn has been given earlier 
‘Blomback, Blomback & Wallén, 1955: 


Blombiack, Blomback, Senning & Wallén, 


° 1955). 


During the preliminary attempts to 
elaborate the method in question, we 
added varying amounts of heparin to 
human plasma in vitro and determined 


the after’ addition of 


clotting time 
thrombin. It was, however, found with 
respect to human plasma that, in most 
cases, an increase in heparin concentra- 
tion above 1.5 I.U./ml no longer pro- 
duced the expected exponential prog 
longation of the clotting time. If bovine 
plasma is added to human plasma, the 
sensitivity to heparin is greatly incr®ased 
(Fig. 1). Moreover, there is also a con- 
siderable variation between thgé plasma 
of diflerent individuals. After addition 
of bovine plasma, this difference is 
reduced. 
° 
The increase in sensitivity at high 
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Fic. 2. Plasma heparin concentration in I.U./ml 
correlated to coagulation time. 


concentrations of heparin that is pro- 
duced by additidn of bovine plasma is 
due to the fact that the latter has a 
higher tontent of a factor necessary for 
the heparin effect. It was already shown 
by Howell & Holt (1918) that 


action of heparin®in a thrombin-fibri- 


the 


nogen system requires the presence of a 
co-factor found in plasma. In fact® the 
concentration of co-factor in human 
plasma is only about 20° per cent of 
that in bovine plasma. Species difle- 
rences in co-factor concentpations as 

well as properties have also been obser- 

ved by other workers (Burstein & Gul- 
® nand, 1953; Magnusson & Nilsson, 1957). 


The method described for determina- 
© 


tion®of the heparin contept in the pre- 


a 


it” «| 
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Saem the Instwtute of Physiology and the Departments of Thoracic Surgery and Anaesthesiology, 


circulation, efforts have been made to 
minimize the damage done to the blood 
elements by the methods and machines 
used. Machines, in particular, have been 
devised that are less injurious to the red 
cells and fhe plasma proteins. Siliconiz- 


ing and other technical methods have 


been used to decrease trauma to the 


blood. An alternative approach Would be 
to avoid using the patient’s blood at all 
during the perfusion. This could be 
accomplished by withdrawing the pa- 
tient’s blood at the beginning of the 
perfusion and using donor blood or a 
blood substitute instead. At the end of 
the perfusion the donor bbood or blood 
substitute could be withdrawn from the 
patient and the autologous blood re- 
turned to the patient. 

Lhe fllowing is a report of prelimi- 
nary experience with the use of a plasma 


substitute containing washed red blood 


cells for total body perfusion with 

© 
extracorporeal circulation. 
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Since the advent of extra-corporeal METHODS AND MATERIALS 


The plasma substitute consisted of an 
isotonic Ringer solution containing Low 
Molecular weight Dextran in a concen- 
tration calculated +to give a_ colloid 
osmotic pressure comparable to that of 
normal plasma. ‘lo avoid hypoglycemia, 
glucose was added and as an aid to the 
buffering power of the hemoglobin, one- 
half the calculated dose of NaHCO, as 
suggested by Ito et al. (1) was also added. 
The composition of the solution was as 
follows: 

1. Ringer solution. NaCl = 0.9 2/100 cc; CaCl 

0.024 2/100 ce; KCIL=0.042 g¢/100 cc. 


2. Low Moecular Dextran: 2 @/100 cc. 

3. Glucose: 0.1 ¢/ 100 cc. 

4. NaHCO, (Calculated to 2 mmEqv/kg body 
weight). 


° 
The Low Molecular weight Dextran 


used (Pharmacia, Uppsala) has an 
intrinsic viscosity of 0.16. 

To this solution was added washed red 
cells, spun down from fresheheparinized 
dog donor blood, to a hematocrit of 40 %. 
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when a critically low plasma heparin 
level is regched after injection of dif- 
ferent amounts of the drug. Examples of 
heparin elimination curves are shown in 
° Fig. 3. When 2 mg/kg b.w. were given 
to an adult, a level of about 2 I.U./ml 
plasma yas reached already after 45-60 


minutes. At a concentration of 2 I.U./ml 


_ ’ we ao ee ee ee ee ee a ee ee G8! etl OO PRE ey MOMs Pl BOT we 


the coagulation time can be as short as 

¢ 12 minutes, as shown in Fig. 2. When, 

on the other hand, 4 mg/kg were given, 

it took more than 2 hours before this 

‘critical level was reached, and almost 

4} hours when 6 mg/kg were given. 

eFurther studies are now being made 

" on such questions as difference between 

| heparin elimination in diflerent age 

groups, and at different body tempera- 
tures. 


SUMMARY §* 


A method is described for determination of the 
plasma concentration of heparin. It is primarily 
intended for use in connexion with operations 
using extracorporeal circulation, in which hepa- 
rinization is necessary. In principle the method 
is a determination of the clotting time as a func- 
tion of the heparin concentration, in a system 
with a constant amount of thrombin and an excess 
of heparin co-factor. ° 

Some observations on the heparin elimination 
from plasma and on the correlation of heparin 
level to coagulation time are reported. 
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. TABLE I. Experiment 2, laboratory data. 
? } 
-— s - a 7 
° Total Fibrino- 
° Nat/S Kt/S Cat*/S Cl-/S' P/S_ proteins Blood — gen Hb RBC 
: pO, pCO, pH Bic equ. meqy. mequ. mequ. mg % % sugar % %« (mi.) WBC 
i ce 
- 9 e Pre-perfusion. Anaesthesia : 
 @ 626 19.3 7.56 18.1 142 3.0 5.6 118 0.5 6.1 0.08 0.2/7 io mai HOU0 
=) 7 . . . " 
| @ Perfusion period 20 min. e 
A 7081 FOZ t.ae t18 141 3. 2.8 >, we, 1.4 0.5] 0.04 aa > ae 
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3 hours post perfusion 

| 13.0 144 2.0 3.6 lo Dea 0.27 0.11 ja oe)6 Chee 
. ? eee ” °% © 
| normal value). The animal demon- in all details including the low arterial 
stratef no neurologic deficit. The pre- perfusion pressure and normal EEG and 

a a ° _ 

perfusion pH of the artificial plasma—red ECG, 


cell suspension was 7.5 and _ post-perfu- 
; sion pH of the dog’s own blood was 7.6. 

3 hours post-pertf. ) 
: Bleeding from the operative incisions 
was not a problem during the perfusiorf 
in spite of absent blood clotting elements. 
, Nor was there any undue postoperative 
oozing. Pol®brene was used to counteract 
heparinization. ‘The dose was between 
1.5 and 1.8 times the previously admin- 
| istered heparin. ‘This drug has been well 
tolerated when administered slowly in 
| dilute solution and its antiheparin effect 
seems more effective than that of prota- 
mine; confirming the observations of 


| Weiss et al. (5) in January 1959. 


Experiment 2 

To further demonstrate the feasibility 
of total body perfusion utilizing a 
completely synthetized liquid vehicle to 
gicrease the suspension stability of the 
red cell solution, a second experiment was 
performed ona 10 kg animal, extending 
the perfusion time to 20 minutes. 

?rocedure.—The, pérfusion carried out 


here was similar to the first°experiment 


Result. 


acute experiment, awakened and de- 


This dog also survived the 


monstrated his neurological intactness 
by whining and other yoluntary move- 
ments of his head and all extremities. 
The animal succumbed suddenly 30 
after the 


disclosed a massive hemothorax arising 


hours perfusion. Autopsy 
from a technically unsatisfactory suture 
line in the right atrium. The laboratory 
data obtained are presented in ‘Table |. 

This last experiment is not considered 
entirely valid even though the animal 
acute experiment and 


survived the 


seemed grossly intact neurologically. 
Survival time was too short to permit 
critical evaluation. 

° 


DISCUSSION : 


The first experiment has clearly 
demagstrated the feasibility of using a 
plasma substitute—red blgod cell suspen- © 
sion for total body perfusion during 
ex@acorporeal circulation. The use of 
such g blood ,substitute may have two 
advantages. First, the patient's own 


blo8d_is spared the trauma of circulating 
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The machife used for the perfusion 
. 


* wa¢tke De Wall-Lillehei (2) oXygenator 


‘The 


change in the apparatus was the in- 


with sigmamotor pumps. only 
. . ® . 
corporation of ,the disposdble stainless 


steel filter manufgctured by Abbott. The 


* m&chine was primed with an amount, of 


. ° 
synthetic blood equab to the usual 


1200 ce extra. 


[Experiment 1 


A 12 kilogram healthy mongrel dog 


was anaesthgtized with intravenous So¥ 


dium Péenhthothal in small intermittent 
doses after premedication with morphine 
sulfate (24 mg) and 1.5 mg atropine 
sulfate. Room airewas administered by 
a mechanjcal respirator via an endo- 
tracheal tube. is 

A right thoracotomy was performed 
and the azygos vein ligated. The animal 
was heparinized with 1.5 mg of heparin 
per kilogram body weight. Venous can- 
nulae were inserted in the superior and 
inferior caval veins via the right auricle 
and the arterial cannula was placed in 
the left femoral artery. The perfusion 
was started, utilizing a flow rate of 106 ce 
per kg body weight and the animal was 
put immediately on complete bypass. 

The first 1200 cc of blood returned 
from the venous line Were diverted to a 
siliconized container. After 1200 “cc had 

9 
been divertegl (estimated blood volume 
of the anima? the versus return was 
redirected to the gump oxygenator. The 
animal was monitored by _ recording 
°.|68 


venous pgessure, arterial pressure, elec- 


etroencephalogram, e electrgcardiogram 


and body temperature. The perfusion 


was discontinued by again diverting the 


“90 


DAHLBACK et al. 


° 
venous return of the artificial blood to 


another container while the helix reser. 
voir was allowed to empty. The animal’, 
own blood was then poured into the 
helix reservoiy having been partially 
oxygenated during the perfusion by 


exposure to an QO, atmosphere. As the 


°o 
last of the animals’ own blood was- 


dh Maes” afl ’ 


ait Of blood Wed for perfusion plus ~*~ pamped into hina, the machine “War 


stopped and the occltisive tapes around 
the caval veins were immediately released. 


Results.—Pre-perfusion tracings  de- 
monstrated normal EEG. ECG. and 
rectal temperature of 37°C. Venous 


pressure® varied between plus and minus 
Arterial “blood 
registered 110 systolic over 70 diastolic 


3 mm Hg. pressure 


in mm Hg. During the ten-minute per- 
the ECG and EEG 


normal. Venous pressure rose slightly at 


fusion, remained 
the beginning of the perfusion but never 
exceeded 3 mm Hg. Rectal temperature 
fell 1°C. The arteriale blood pressure 
decreased to between 30 and 40 mm 
Hg, when the perfusion was started and 
remained there thrqughout the perfusion. 
It returned to pre-perfusion levels when 
the perfusion was over and even rose 
above pre-perfusion levels to 130 mm Hg. 
Postoperatively, the animal was given 

cc of fresh citrated donor blood 
to replace the loss via intercostal cathe- 
The 


intravenous 


ters. animal was given 9 mg 


N-allyl-nor-morphine _ to 


hasten awakening time. Full conscious- 


yess was regained three hours after the 


perfusion was discontinued. The animal 
is alive and well one month postopera- 
tively. The postoperative hematocrit, 36 
hours after surgery was 22 %, hemogfobin 
47% and red cell count 3.3 mill. per cc. 


© 
Che total serum proteins were 9.4 % (low 
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The Clinical Use of a Screen Oxygenator (Mark III) 


\\ ° 


an | ° ° 
° 
In o — ‘ ‘ ‘ j . ° ; ° 
Ek. HusregpT, H. C. ENGeELL, O. Juni, J. Rosen, E. SANDOE*and KE. ARNFRED 
° 
° 
7 ° ° 
x. | The ideal extracorporeal perfusion should MATERIAL 
ng ' be able to maintain the circulation dur- In nine patients atrial septal defects @ 
< : < < : < . 
od wii , 
ng open cardiotomies in such a way . 
| nt Mas ite id ° aaa have been closed while the circulati@® 
| that the physiological status of the pa- ee i “a , 
od | : : was maintained by a screen oxygenator 
‘nt is nag reduc ore thi hat is bij ss ‘s ) 
tient is nag reduced rock ahs than what | (Mark III) built after the Gibbon prin- 
a due to anaesthesia % surgery. W1] . ° , 
h anaesthesia and surgery — ciple by the Mark Company. 
ethe perfusion answers this demand, the iol a ee ee 
: , = aght patients had simple septum 
repair of simple malformations such as primum defects. One of them had a 
Oe < < 
atrial septum primum defects should not valvular pulmonary stenosts as well. One 
| carry a higher mortality than do sygnilar patient? a 46-year-old man who was in 
a operations S. | 
Je perations by closed method 4 severe congestive failure prior to surg@ry, 
nts | In thas clinic atrial sept: fects of tl 
= ic uc at lal eptal de var: oa had a secundum defect, a mitral stenosis 
: | secundum type have been satisfactorily and incompetence of the aortic al 
' closed b , } . So : ‘waar —reili1mec S10 . : 
| y the Sondergaard circumclusion tricuspid valve. He was operated on as 
a. method or when anomalous pulmonary a salvage case and was the only patient 
Aes . " < p< < a. < a. < 
& | veins were present by atrio-septopexy as ) cna 2m 
’ we cc a, , who did not survive. ° 
ti- described by Bailey. A follow-up study 
. we o* ° 
18: of the first 70 cases operated by closed 
: THE BUMP OXYGENATOR @ @ 
methods has been published by David- le ' 
ar pms .e ' 
; sen. he oxygenator consists of 16 stainless 
r) None of the close@ methods are @ui- steel screens each 35 cm gigh and 40 
ep tabl® for the correcjion ®of the septum cm wide giving a total area for the blood 
9 < . is — , ' 
ios primum defects. When stich defects have film of 4.5 sqm. ‘The blood is drained by 
| been diagnosed preoperatively, opera- gravity from the patient to the apparatus. 
cl, } 

. . , ‘ . o 
ee ton has been postponed until open [he two pumps are of the DeBakey type. 
ra- repair could be undertaken during e One of them maintains the internal circu-® ° 

© ‘r@corporeal circulation. ° lation in the apparatus, the other re- 
© 
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through the pump-oxygenator. How- 
ever, this same advantage can be ob- 
tained by usjng donor whole blood 
udther than a blofd substitute. The 
second advantage’ of using a blood sub- 
i seems to be of more importance, 
namely that it may be possible to devise 
substitute which is more ef- 
transport. Interest in low molecular 
weight dextran, at this Institute as a 
means of maintaining circulatory ef- 
ficiency under various adverse condi- 
tions prompted investigation of this 
plasma substitute in extracorporeal cir- 
culation (3, 4). Following burns, frac- 
tures, Jiypothermia and gther forms of 
trauma intravascular aggregation of red 
blood cells or “‘sludging’”’ has been 
observed by many investigators. When 
intravascular aggregation occurs, blood 
flow slows down. This has been cor- 
related with a reduced suspension stabi- 
lity of the blood. The infusion of low 
molecular weight dextran solutions fo 
patients and experimental animals with 
intravascular aggregation has caused the 
aggregation to disappear and blood flow 
to improve. This ability of low molecular 
weight glextran to impftove blood flow 
may be useful in total body perfusion 
via extracorpGreal circulation. The fact 
that the animals in these experiments 
maintained normal ECG and LEG pate 
terns in spite of an arterial pressure in 
the range of 30-40 mm Hg may*indicate 
a mare efficient via 


Oxygen transport 


@mlasma _ substitute—red cell suspension. 


The work of Gelin would indicate that 
this was due to a decreased visc« sity and in- 
creased suspension Stability ofthe blogd. 

THis work is obviously of a preliminary 


e 
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nature. Further investigation wil! be 
i : 

required to critically evaluate the use of 

a plasma substitute in extracorporeal 
. 


circulatiom It seems likely that a more 


efficient circulation might be obtained by 


using a mixture of whole blood and low 
! ° 
molecular weight dextran, rather than a 


° . = 
dextran—red cell suspension. Further 
° 


quantity of low molecular weight dextran 
required to produce optimum suspension 


stability of the blood are in progress. 


SUMMARY : 


1. ‘he case report of a successful, short-time. 
total body perfusion in a dog with a heart-lung 
machine utilizing a plasma substitute—red blood 
cell suspension is presented. 

2. Amethod of sparing the animal’s own blood 
from use during the perfusion Is described. 

3,, Phe potential application and value of the 


use of this method is discussed. 
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SCREEN OXYGENATOR IN CLOSURE OF SEPTUM PRIMUM DERECTS " or 


ol the catheters are placed in the central 
vessels. The right femoral arter¥ is dis- 
eected out below the ligament to* be 
ready | fore cannulation. The patient is 
turned on the left side and the opgration 
is carried out through a _ right-sided 
thoracotomy. ®° ° 

When the pericardium has_ been 
*opened and tourniquets are placed around 


the venae cavae intrapericardiallye the 
. . 


patient is heparinized with 2.5 mg of 


heparin per kg. Then the arterial cannula 
is placed in the femoral artery and ¢on- 
nected to the arterial line of the machine. 


Flexible polyethylene catheters with a 


hardened tip are used for cannulation of 


the venae cavae through tke aurjcular 
endage. 
\s soon as the catheters are in pogigion 
pertial perfusion is begun. When after 


some minutes the extracorporeal circula- 


° 


tion is stabilized,* the venae cavae are 
occluded and the atrium is opened. All 
the defects have been closed with inter- 
rupted stitches of 00 Deknatel silk with- 
out the use of a prosthesis. Upon closure 
of the atrial incision, partial perfusion is 
maintained for some time until thg 
arterial pressure is stable at about 100 
mm Hg and the venous pressure ap- 
proaches the pre-perfusien level. 
Protaminsulphate, 3.75 mg per kg, 1s 
given over a period of some minutes. 
immediately after the venous eatheters 
are taken out and before the arterial 
cannula has been removed and the artery 
is repaired. It is convenient to do this 
while the coagulation time becomes 
normal, so oozing from _ the thoracic 
field has stopped before the chest is closed. 
Hitherto we have not experienced any 


trouble regardirge the haemostasis. 


o ° “a 7 
ABLE | ° 
Sex, Surface *® ° ° 
Cas age Weight area Function 
no. (yrs. ) (ke) (sqm) group @ Defects Remarks ° 
a sl ie e 
| M, 14 54.5 1.55 Primum No complications 
‘ ; . 7 | : tan? 
- M, 6 19.5 0.79 2 Primum No complications 
° 
a an 54.0 1.60 ° Primum No complications ® 
. 71.5 9 x a = i =. 
—__ pee oi re Reseceae 0 aT « pees SEs =— ‘terial endocargitis,....--..——..« ms © + 
cured alter 2 months. 
(Previous attempt of cir- 
° cumclusion operation) 
** . 
a FL 8 31.4 1.03 2 Primum Right lower lobe pneu- 
Valv. pulm.esten. monia 
—- —_— ‘ . se 
() M, 44 75.1 1.97 3 Secundum © Died 
Mitral sten. Aortic 
‘ ones ik. o 
Inco ). CuUuSD. 
‘ incom} lricus} 
incomp. . 
] t34 92.2 1.61 2 Primum Right lower lobe pneu 
monia 
, | ° ' —_— 
g ris +6.8 1.48 Primum No complications 
‘ : : : , ° 
9 F, 10 30.1 1.1] ea Primum No complication? 
a 
s 
. 
° ° 
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Fic. 1. Case no. 5. Aortic pressure curve during 
.@ i , 
total perfusion at,a rate of 3000 ml/min. 
“eo 


turns the arterialized blood to the pa- 
tient. Both pumps work on_ $-inch 


Tygon® tubes, which are used through 


the whole system. The DeBakey pumps 


give a low amplitude pulsatile flow. At 


an arterial flow rate of 3 liters per minute 


an amplitude of 18 mm of mercury has 


been measured in the abdominal aorta 
° s 


of a patient (Fig. 1). ; 

Between each run the Lucite® and 
stainless steel parts of the machine are 
freed from deposys of organic rmfaterial 
by 20°, sodium hydroxide, while the 
Tygon® tubes are renewed each time. 
Immediately prior to the perfusion the 


machine is steril@ed by means of a 1.25 % 


Varexin® solution which is held in the 
° 


gssembled system for two hours. Cultures 
9 


taken from the saline during rinsing of 


the machine have not given ,bacterial 
growth and no pyrogenes have hitherto 
beén found. The machine including all 
extracorporeal tubing requires a primary 
volume of 2.8 liters of blood. The blood 


is drawn less than four hours before the 


ee 


perfusion imo siliconized bottles® cop. 
taining 20 mg of heparin in 25 m! of » 
258, glucose solution for ach 500 yp) 
of blood. Two million units 8f penicillin 
and | g of streptomycin are ‘added to the 
system at the priming. 

Blood from each donor is cross-matched 


against the patient's blood; but no cross. 
° 


ANAESTHESIA 


S 
After premedication with morphine 
and atropine, anaesthesia 1is_ induced 
with Narcodorm® Enibolmalnatri- 
um N.F.N.)) and succinylcholine. Ana- 
esthesia is maintained with nitrous oxide. 
pethidine and Relaxan® ( = Gallamoni 
jodidunt N.F.N.): As the time for extra- 
corporeal circulation approaches, the 
nitrous o&Xide is gradually, withdrawn 
and the anaesthesia is maintained by 
refractive doses of pethidine. In this way 
the jnconveniente of giving & massive 
dosis of barbiturate can be avoided at 
the time when te nitrous oxide must be 
cut off. 
* After the perfusion the patient 1s kept 
anaesthetized with nitrous oxide and 
Relaxan®. This is continued after the 
operation until the patient is rewarmed 
to about 36.5°C, which usually takes two 


hours. When prostigmine is given to 


° 
‘ reverse the neuromuscular block and the 


nitrous oxide is withdrawn the patient 
wakes up after two to four minutes. 
° i . 


OPERATION 
, oO . . a , 
When tlie patient is anaesthetized, 
. ° ; , he 
catheters for pressure registration § art 


: P . ’ - 
introduced through ehe left femoral 


artery and left saphenous vein. [he tips 


—— 
ee 


-matching-is done. betaveen -the-dernors,-—| -- 
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sumably two of the screens have touched 
° . ‘sé me) 

each other Creating an “‘atelectasis 
where blood not e®posed to oxygen has 
flowed over the screens. ‘The same inci- 
dent might have caused the arterial 
oxygen saturation of 83% in case no. 7. 
7: The moderage “metabolic” acidosis 

ole bee bes ~¥- :; ae , 
eee AAP A a ead eee | during the perfusion 1s mostly due to the 
* 20 24 6 8 1012 141618 20 22 24 2628 30 32 34 36 3840 42 444648 7 sd 
z Time in minutes low standard bicerbonate of the dono:® 
= — re) 
0. Case no. 5. The acute rise in blood pressure blood. Thus it is not of thy same conse- 
the end of the total perfusion period is due ; 
light anaesthesia and coughing. The blood quence as a metabolic acidosis due to 
essure drops temporarily al the end ol the anoxia of the perfused organism would 
. iryal perfusion as 400 ml of blood are with- = si Sie 
iwn from the overtransfused patient. be (Fig.®7 ‘e 
° = Ps) a e 
& 
- = e 


during the perfusion to 50 cm of water. 
In this patient, who wéighed 71.5 kg. the 
venous catheters which had an internal 
diameter of 5.5 mm were obviously too 


narrow to secure a good venous return, 


at 2.6 I/sqm/minutes. 

“It seems now to be generally accepted 
that the ideal perfusion flow should be 
no less than the cardiac output durimg 
anaesthesia in order to avoid hypoxia 


and metabolic acidosis (Engell, 1956). 
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° "6 
| TABLE2 °® ° : 
| ee a 
e Case@lo. ... | 2 3 4 5 b 7 8 4 
Hb, 94 90) 92 103 95 90) QQ Q7 26 
| Arterial O, saturation 99 QQ 95 92 99 88 83 97 49 
VYenous O, saturation 82 80 72 76 80 70 65 80 
: A \, diff., vol. % 2.9 3.2 3.9 3.0 3.9 3.0 3 3 97 
* Flow rate, ml/min. 4200 2850 5600 4600 3800 4500 4750 3500 4400 
Q, consump., ml/min. 139.2 91.2 218 138) =. 121.6 135 °156.8 94.5 
Flow rate, ml/sqm/min. 3100 3600 3500 2500 3700 2300 3000 2400 4000 
== US, ee, eee eee ee) eee ee ee ee 
Temp., °C 34.2 34. | 34.5 39.2 A 34.3 33.2 33.7 oe 
——— ° é 
° e °o 
, mean of 90 mm Hg. In all cases the In earlier years, discussions about the 
‘ . . OS -~ 
pressure in the inferior vena cava has ideal flow rate focused on the oxygen 
e been slightly or moderately elevated. In supply of the organism. Less interest has 
one case (Case no. 4) it rose gradually been paid to the fact that a deliberately 


chosen low flow can be established in 
° 
two ways only, either by creating a 


venous stasis or by reduging the blood 


evolume of the organism. None of these 


procedures is consistent with physio- 


and during the 10 minutes of caval oc- logical principles. ° 
| clusion the patient was greatly over- As will be seen from ‘Table 2, the 
transfused in order to keep the flow rate arterial oxygen saturation has been 


below 90% in two cases. In case no. 6, 
a man of 76 ke weight, the oxygenator 
has possilly been taxed close to the limit 
of its capacity. The arterial oxygen satu- 
ration was 88 %, the oxygen consumption 
of 135 ml/min. however was not as high 
in some ‘Table 2). Pre- 


as seen Cases 


"979 ° E. 


MABP 


~ wo 
* Letres 
i oie 


Time in minutes 


Flow rate and arterial blood 
pressure (solid line) dropped on caval occlu- 
sion (solid black). Flow rate went up before 
blomd pressure during transfusion from the 
broken line) slightly 
elevated during total perfusion, drops when 
the caval tourniques are released. ° 


Fic. 2. Case no. |. 


machine. Venous pressure 


PERFUSION 


It has been our general principle to 
adjust the flow rate after the venous re- 
turn from the patients, when they can be 
considered to have a normal blood VO- 
lume. A flow rate about 3000 ml/sqm, 
minute is thought to be satisfactory. 

When starts, the 


partial perfusion 
5 


rye $Q rm 


Flow rate =? ss. |. = " 
g¢ 


$10 


transtu 


Time in minutes 


bic. 3. Case no. 2. When haemorrhage occurred 
from the opened atrium this was temporarily 
closed with a clamp while 

Srestored and the slack al 
for the haemorrhage- 


blood loss Was 
niquet, the reason 
was tightene ed. The steep 
fall in arterial blood pressure later was caused 
by a disconnection of the arterial tube. The 
continuous pressu® reading tells that the line 
Was repaired and blood pressure restored in 


| 5 scr onds. 
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° 
Fic. 4. Case no. 3. An uneventful smooth perfu- 
sion of a patient of 54 ke weight. The solid 
black indicates the caval occlusion period. 


clamp on the venous line is_ slowly 
released in the course of some seconds. 
while the arterial 


pump is gradually 


speeded up, the blood volume being 
kept constant all the time by manual 
control. When the partial perfusion is 
well stabilized at a flow of approximately 
2000 ml/sqm/minute the tourniques are 
tightened around the venae cavae and 
total perfusion is begun. ° 
As will be seen from the graphs (Figs. 
2-6) the total perfusion flow is fairly 
stable around 3000 ml/sqm/minute. The 


blood pressure varies more, but keeps a 


mi sqm ; 
3000 - low bt 
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Time in minutes 
Fic. 5. Gase no® 4. The venous catheters of 5.9 


mm internal diameter were too narrow for 
this 71.5 kg individual. Flow rate could be kept 
onlyg by overtransfusion and consgquently 
venous stasis. At the end of the perfusion 90U 
ml of blood were drained back into the ma- 
chine. 
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4TRURGICA SCANDINAVICA, SUPPL. 245: 875-282. 1659 


rom the Department of Clinical Chemisgry, Sabbatsberg Hospital, and the Department 


*of Thoracic Surgery, Karolinska Sjukhuset, Stockholm, Sweden 


A Study of Serum Enzymes during and after Open Heart Surgery 


_. .nu.....With, the Crafoord-Senning Heart-Lung Machine °. 


+ 9 ¥ 
Bo Norsero and AKE SENNING 


o 
That cardiac necroses due to coronary 
obstruction result in the release of several 
enzymes leading to an elevation of the 
serum activity of these enzymes, with 
peak values between twelve and forty- 
eight hours after the ébstruction or even 
later, ig a well-documented fact (cf. e.g. 
Mason & Wroblewski, 1957; Hansen & 
Laursen, 1957: Hanson & Bidrck. 1957). 
But traumatic injuries and ® surgical 
anterventiong may give rise to similar 
phenomena (Lieberman ef al., 1957; 
Hauss & Leppelmann, 1957; Schlief & 
Kamm, 1957; Albaum & Mulch, 1957; 
Mignone et al., 1955). Since cardiac 
surgery always involves an extensive 
operative trauma, especially in open 
heart surgery with extracorporeal circtt- 
lation (ECC), it is of interest to know 
the pattern of serum enzyme changes in 


this connection. A study of the matter 


P has accordingly been, made and the re- 


.Sults presented below indicate that the 


major enzyme changes appear immedia- 
tely following the operation and subside 
rapidly in the next few daysgin uncom- 
plicatede cases. 


Manufactured by AGA, Lidingo. 


MATERIAL AND METHODS 

The material comprises 52 cases which 
have been described in an earlier com- 
munication (Norlander ef al., 1958) and 
five cases operatedeupon at Sabbatsberg 
Hospital, viz. 3 cases of atrial septal 
defect (one death), | tetralogy of Fallot, 
and | complete transposition of the great 
vessels (one death). In addition to this 
test group of 57 patients, a control group 
of 11 patients is included in the study. 
These patients had operations on the 
heart or the great vessels without ECC. 


Samples were collected at varying 


intervals soon after the induction of 


narcosis and during surgery. After the 
operation a few Simples were taken in 
the afternoon. Durieg by-pass the samples 
were taken from the trough of the heart- 
lung machine*, and fhese are supposed 
to represent the mean composition in 
the whole vascular system. In a few 
cases samples were also taken in the tub- 
ings from the intracardiac suction devices 
before this blood entered the pool in the 
machine. Before and after ECC the 
samples were taken from an indwelling 


catheter in the radial artery. 3 
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Hours after perfusior 


Fic. 7. The upper curve represents the mean 
values of pCO, during anaesthesia, at the end 
of perfusion (zero hour) and up to eight hours 
after the perfusion. The single points represent 
the inflividual cases. The middle curve repre- 
sents the standard bicarbonate. [The curve at 
the bottom gives the pH.elhe horizontal lines 
at the left indicate the m@an vglues of the donor 
blood recircul&ted in the machine prior Jo 
perfusion. 


POSTOPERATIVE COURSE 
° 


During the first 12 hours postopera- 
tively the patients are observed in the 
recovery ward. It has been very useful 
to give assisted respiration by mask and 
bag®%or two minutes every quarter of an 
hour to all patients who are sufficiently 
cooperative. The effect of this procedure 
on alveolar ventilation has been proved 
by series of pCO, determination? on 
arterial On children 
tracheotomy i#routinély performed after 
the operation. It is thought unwise to 


wait until stagnation of bronchial secre- 


blood. smaller 


tion and increasing pCO, makes tracheo- 
ta 
tomy mandatory. 


lwenty-five hours after the operation 
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° 
anticoagulation therapy with dicumaro| 
is started as a routine. 

Of the’seven patients who survived the 
operation, six have had a temperature 
between 39° and 40°C for two*or three 
days. They all had a superficial phlebitis 
arising from the permanent drop catheter 
in the leg. .- ‘ 
right lower lobe. One patient developed 
an endocarditis blood 


° , 
cultures of non-haemolyte streptococci. 


with positive 


This was cured by prolonged treatment 
with antibiotics. 


SUMMARY 


During this first series of nine human extra- 
cérporeal perfusions for the repair of atrial septal 
defects the Mark III 16-screen oxygenator-pump 
has proved a dependable tool for intracardiac 
surgery in patients between 19 kg and 76 kg of 
weight, and a standard technique of perfusion 
and postoperative treatment has been established 
preliminary to attempts at correcting more com- 


plicated anomalies in this clinic. 
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A STUDY OF SERUM ENZYMES DURING AND AFTER OPEN HEART @URGERY 2// 
° 
TABLE 2. Mean serum enzyme activities during the first part® 
of the operation before ECC. 
Relative activities. Number of samples in brackets. 
a : : . 
-_ a cee oe , — —_— ili 
before ECC ALD GOT GP! LD MD OC! 
; —21 hrs. 112 (6) 60 (7) 929 (5) 74 (6) 99 (6) 68 (3) 
eS oe 51 (3)° 18 (3) 68 (5) 92 (4) | 
2 —1} hrs. 115 (7) 54 (6) 13 (4) 75 (3) 145 (6) 49 (3) 
eee eee Oe ee 89. (7) 39 (2) 
60-45 min. 105 (3) 5/7 (4) 34 (1) 73. « (2) 93 (8) 35 (1) 
15-30 min. 123 (9) 94 (9) ' aoa 74 =«(6) 94 (9) 68 (2) 
30-15 min. 157 (6) 102 (8) 30 (6) LO8 (6) 138 (10) 61 (1) 
15— O min. 125 (17) 54 (26) 27 (9) 75 (12) 117 (29) 102 (4) 
scan ; 
° 
TABLE 3. Mean serum enzyme changes during the extracorporeal phase : 
. of thé operation. ° . 
° ° 
: Relative activities. Number of samples in brackets. i 
° ° 
Time (min.) ALD GOT CPT LD MD OC! 
° 
0-10 134 (25) 60 (29) 21 (15) 77 (16) 180 (29) 3 (11) 
11-20 157 (29) 81 (39) 27 (18) 87 (19) ° 217 (37) 70 @9) 
* 21-30 201 (27) ¢@ 98(31) 32 (16) 104 (15) 302 (33) 63 (8) 
31-40 227 (21) bl 4 @2) 30 (10) 11), (14) 386 (26) 96 (7) 
+1—50 204 (9) 117 (14) 34 (4) 114 (3) 461 (13) 141 (3) 
51-60 283 (5) 124 (5) 27 (4) l11 = (5) 459 (8) 122 (4) 
61-70 — = 192 (3) 126 (2) 981 (3) 
a= any | ° - 
71-80 284 (2) 127 (2) 33 (2) 114 (1) 452 (2) 88 (2) 
81—90 394 (3) 186 (3) 50 (2) 129 (2) 972 (3) 60 (4) 
° o 
TABLE 4. Serum enzymes a&ter ECC and up to the next morning. ° © 
e Mean relative activities. Number of samples in brackets. ° 
° 
lime after ECC ALD GOT GPT LD MD OcT 
© 0-15 min. 227 (15) 112 (19) 31 (8) Lil (12) t12 (22) x7 (1 ° 
19-30 min, 242 (24) 140 (30) —s@_~=38 (13) 114 (19) 429 (33) 67 (4 
0-45 min, 232 (15) 149 (18) 39 (&) 119 (11) +19 (19) 207 (2) 
15-60 min. 261 (15) 160 (18) 38 (11) 113 (13) 157 (19) bb (2 
oO 
| LA hrs. 308 (16) loo (235) > (8) Lil (11) 4 (21) 129 (2 ce 
$42 hrs. 287 (17) 203 (17) 40 (10) 129 (13) 619 (19) L111 (3 
<—24 hrs, 401 (6) 153 (10) 7” ee) 130 (5) 583 (10) 98 (1 
$3 hrs. 271 (6 208 (% 38 (3) @ 125 (4) 652 (7) 22 (1 
+ hrs. 295 (5 361 (7 92 (2) 160 @) 886 (7 : © 
9 hrs. 322 (4 182 (5) t3@ (4 1351 @) 07 6 (1 
6 hrs® 361 (9) 296 (1 5 (5 150 (9) ® 635 (10 99 (2 
LO hrs. 289 (12 271 (15 92 (12 135 (10) 643 (13 79 (9 
i) 
Next daye © 349 (32 PF (41 54 (22 162 (25 287 0 90 (8 
° e a 
ee 
8 
@ 
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From the secorfd day samyRes were 
taken daily in the morning for a week 
and later every other day if possible. 
In most of the children, howevet, the 
postoperative sampling was reduced, 
owing to the difficulties of getting suffi- 
cient amounts of blood. 

Enzyme assays were performed on the 


5 8 ee me Me 


same day whenever feasible,’ and “in 
other cases the sertim was separated as 
soon as possible and kept refrigerated 
%intil assayed. ° 
Malic dehydrogenase (MD) and lactic 
d@hydrogenase (LD) activities were mea- 
sured as previously reported (Crafoord, 
Norberg & Senning, 1957). For gluta- 
(GOT), 
Frankel 


procedure was used in, preference to the 


mic oxalaceticg transaminase 


however, the Reitman and 
modified Karmén technique previously 
applied. Glutamic pyruvic transaminase 
(GPT) was assa¥@d with the method 
analogous to GOT (Technical Bulletin 
No. 505, Sigma Chemical Co.). Aldolase 
(ALD) was assayed according to Beisen- 
herz et al. and the ornithine carbamy!] 
transferasee (OCT) activity was mea- 
sured as ammonia nitrogen liberated 
from citrullin on incubation in an arse- 
nate butler (Reichard). 

* When visible, hemolysis was estimated 
as mg hemoglobin by measuring the 


oxyhemoglobin absorbance at ?40 my in 


0.007 \ ammonia. ° ? 
2 ° ? 
RESULTS 


In order to facilitate the comparison 
of patients with widely differing ECC 
times, the extracorporeal phase is trated 
as an entity and the sampling time is 
counted, in hours and minutes before 


AND A, 


~~ -(Glutamte pyruvic transa-—-— -----~ 


SENNING 


TABLE 1. Normal ranges of ser im 


enzyme activities. 


ee 


Range 
Enzyme Regular Relative 
units units 
Aldolase (ALD) 3—8 37-100 


Glutamic oxalacétic transa- ; 
minase (GOT) 8*30 27-100 
5-35 1 4—100 
140-290 48-109 
30—80 37-100 


minase (GPT) 
Lactic dehydrogenase (LI)) 
Malic dehydrogenase (MD) 
Ornithine carbamyl trans- 


ferase (OCT) 0-Be 0-100 


ceca TTRCcTT Ri 


the start of the by-pass, after which the 
time is counted fromethe end of the ECC. 

Furthermore, since the units of enzyme 
activities difler considerably ntimerically, 
it was decided to use a unified relative 
scale where the upper normal limit repre- 
sents the valye 100. In ‘Yable | are given 
the normal ranges for the enzymes inclu- 
ded in this study (as obtained from 


healthy blood donors). 
° ° 


. So. ° 
Enzyme changes during surgery 
° 
During the preparative phase of the 


operation the enzyme values oscillate 


& -» 
“eo! 
enzyre 
a” 
. a ° a--4¢ 4 
4 + 600 
" .*) 
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Fic. 1. Changes in plasma hemoglobin (circles 


and solid lines) before, during and after extra- 
corporeal circulation, malic dehydrogenase 
triangles, MD) and glutamic oxalacetic tran- 
saminase (solid dots, GOT F 


rom the 
° 


A STUDY OF SERUM ENZYMES DURING 


.?) ) 
within the normal range or slightly above 
it. This emerges clearly from ‘Table 2. 

The start of the ECC seems to induce 
. . ° . ° 
a fairly rapid *release*of certain enzymes 
Table 
lysis increases, as seen from Fig. |. 
and OCI, 


nearly so. 


3), and at the same time hemo- 
GPT 


however. 


After the --terminnration-—~of—LEGE--the-----— 


hemolysis rapidly decreases (Fig. |). but 


the enzymes, on the contrary, show a 
new upw ard course during several hours 
Table 4), again with the exception of 
GPT and OCI, 
In the control group five patients only 


The 


mean enzyme values are given in Table 


were studied during the operation. 


5, and they show the same trend as in 
e . 

the: preparative phase of the test group 

(Table 2). ° 


Postoperative enzyme changes 
° 
The mean serum enzyme activities 
from the 2nd to the 14th day are presen- 
ted in ‘Table 6 for the test group and in 
Table 7 for the control group. Pn spite 
of the high enzyme values attained ig the 
afternoon on the*day of the operation 
lor ALD, GOT, LD and especially MD, 
the second day already shows a definite 
downward trend for MD and essentially 


«an unchanged level for the other three. 


In the course of the subsequent days all « 


activities smooghly approac h a normal 
” level which is reached by the 14th day. 
"bhis is also the case with the c@ntrol 
oup. 
ihree cases have been excluded from 


’ 


° ; ; rrr . 
“emain group in lable 6 on account 


©’ grossly abnormal behaviour, two 


6. 
sftcond day and one from the 


are unaftlected ore 


« show the 
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Fic. 2. Plasma hemoglobin during extracorporeal 
circulation, Lower solid line gives concentration 
in the trough of the Heart-iung machine. Upper 
solid line shows the hemolysis in blood collected 
by suction in the open heart. The dotted lines 

corresponding MD values. Filled 

squares indicate calculated MD activities from 
the known difference in hemolysis and the 
average activity per 100 mg hemoglobin (‘Table 

9). 


Oo 
third. TheirSerum enzyme values appear 
in ‘Table 8. All three died within 24 hours 


e 
after these samples. ° 
° °o 


DISCUSSION 


The results seem to indicate that the 
increase In enzyme, “activities is due t to 
the increased hemolysis dyring F C iC. As 
a great deal of the *he ‘molysis gs caused 
by the suction devices, 

find the changes exaggefated in the 


blood passing the tubings from the suction 


; , ° ; . 
in the open heart. Separate sampling ol 


this blood in 12 patients gave results 
cgnfirming this expectation. Fig. 2 gives 
an illustration of this {gr malic dehydro- 
genase. , ad 

In order to see if the eflect on all 
enzymes could be referred to hemolysis, 


one may expect 
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DABLE 5. 
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Serum enzyme activities during and 


‘ ‘ oo) 
after operation in control cas¢s, 


. Relative values. 0 0 
°o 
° ‘Time, hrs. ALD GOT GPT LD MD OCT 
° ye% 
© 
: Time of operation : , 
: 0-4 142 44 (4) 10 54 (2) , 185 (3) 
i-g 130) 54 (4) 3 ¢ 57 (2) 118 (3) 
2-3 160 102 (3) 10) 398 (2) lol (3) 
“ee 3-4 113 
oe ee eee ee 6 es a er pe rer cen emma emt 
Time after operation 
° O—] 4/7 1] 70 113 
1-2 134 (2) 69 200 
2-3 43 ae 
2 
oO 
oO 
rw . . . 1. . ° 
, Tasie 6. Relative serum enzyme activities gluring an uneventful 
postoperative course after open heart surgery. 
S 
N&mber of samples in brackets. 
‘ Says ALD GOT GPT LD MD OCT 
j : . 
s 
e 2 349 (32) 252 (41) 34 (22) 162 (25) * 287 (40) 90 (8) 
4 280 (20) 267 (25) 72 (IQ 168 (16) 278 (26) F< 41 (4) 
4 268 (12) ¢ 208 (13) 88 (10) 148 (10) 268 (12) 37 (1) 
5 192 (11) 188 (15) 81 (1}) lo4 (11) * 186 (15) 40 (2) 
: (9 170 @) 153 (8) 42 (5) °170 (6)¢ ° 187 (9) 90 (2) 
: 7 180 (12) 139 (13) e 99 (10) 153 (10) 146 (14) 94 (1) 
8 147 (12) 131 (14) 81 (11) 134 (11) 161 (14) 106 (2) 
a 178 (12) 115 (14) 68 (10) 148 (1 Se 147 (15) = 
. 12 112 (8) 113 (9) 99 (9) 141 (10) 110 (12) 64 (3) 
; 14 80 (5) 52 (5) 52 (4) 120 (5) 127 (6) 35 (1) 
36-30 2 ll6 (8) 96 (9) 74 (9) e 107 (10) 128 (10) 48 (1) 
¥ ° 61~44° 127 (3) 158 (3) 126 (3) 127 (3) 140 (3) 62 (2) 
1$-79° 143 (4) 117 (3) 74 (3) 103 (4 80 (3) 120 (1) 
bd i. 
° “ ‘These values are from one patient who had an infection in this period. Eventually recovered. 
_ : : : e ° 
i ABLE 7. Serum enzymes in control TABLE 8. Postoperative enzyme values 
, °. : ' 
hi e patients, * ¢ in three cases with fatal issue. 
> ne? ° — 
Day ALD GOL LD MD (ase 
—_ - Day ALD GOT, GPL LD. MD OCI no. 
. . oe 
> Preop. 156 e 36 BY 7/ 
146 15 75 107 2 1220 945 1210 143 1190 2960 | 
2 70 114 — oe 2 415 1030 51 284 1710 / 
° , 242 69 130 165 3 «= «4470 «1135 = 364. 300 «1320 e— 20 
4 105 139 . = 
270 L053 ® 123 146 
ee ° 129 L14 I59  @ ° 
@ a ie: « i | 100 90) y 
. AL ° 134 60 © 104 99 ° 
l4 2 70 119 47 = pag ae @ 
o ° ° ° 
° ° 
° ° 
° ° 
° - ° 
o ° © . 
° ° © 0 
: : cs ° 
“° o ® 
° Oo 
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A STUDY OF SERUM ENZYMES DURING AND AFTER OPEN HEARd, SURGERY 


If .ne assumes the heart to be the main 
eource of enzymes appearing in the bloode 
after ECC, then cases in which the heart 
recovers poorly should give higher ,and 
longer increases.* This seems actually to 
he the case, as appears from Table 8. 
Patient no. 1, however, also shows extre- 
mely high values for OCT and GPT, 


‘*-* «#.- 


““adicating seriows liver daniage. In this 


case it is impossible to decide whether 
liver failure or heart failure is the pri- 
mary cause of death. 

"It has been stated that enzyme deter- 
minations in blood serum in connectior? 
with traumatic injury aré useless as a 
diagnostic aid in suspected coronary 
When 


smooth postoperative decline in 


infarction. one considers the 


the 
serum enzymes reported here, it seems 
obvious that the enzyme changes charac- 
teristic of an infarction mugt be easily 


observed if this should, happen after 


cardiac surgery. 


SUMMARY 


The serum activities of six enzymes in patients 
during and after open heart surgery with the 
heart-lung machine are reported. During extra- 
corporeal circulation there is an abrupt increase 
in aldglase, glutamic oxalacetic transaminase and 
malic dehydrogenase, and a lesser increase in 
lactic dehydrogenase. This is to be explained as 
mainly due to the concomitant hemolysis. 

\fter termination of the extracorporeal circula- 
lion a new increase in the serum enzyme@ appears, 


and this is probably due to release from the heart 


gnc to a smaller extent from damage to other 
t} : 
; - * 
» ‘man uncomplicated postoperative course the 
» ©nzyme values go smoothly back to normal. Re- 
meining high values or new increases signal 
complications and may therefore be of diagnostic 
; ° 
O1 gnostic value. 
2 
° oo 
> 
a ° ° 
° . ° 
o ° 
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TABLE Qg. Activity of some enzymes in 

hemolysates of washed erythrocytes and 

tcovery of activities in mixtutes of 
hemolysafes and serum. 


Number of experiments in brackets. 


Mean activity at 
100 mg ®% Hb 
(relative units) 


5s & @¢ “-* Os 6 0o@eeoe « OO s+ @. @& 


Mean recovery in 
serum mixtures, °% 


ALD 23 (6) 95 . (4) 
GOT 83 (6) 58.5 (14) 
GPT 51 (4) 34 (6) 
LD 18 (13) 92 (14) 
MD 161 (8) 89 (14) 


washed red cells were hemolyzed with 
distilled water, and various amounts of 
hemolysate added to serum. Similar 


dilutions were made in saline, and both 
series were assayed for the different 
enzymes. ‘The hemoglobin levels used 


were from 25 to 322 mg % Hb, but the 


values have been converted to 100 mg %, 


Hb. ‘They are given in ‘Table 9. 
The comparatively poor recovery of 


the transaminase activities remains to be 


explained. The aldolase recovery is good, 


but the total activity seems unexpectedly 


low as compared to published values 


(‘Sibley & Lehninger). We cannot rule 


out the possibility that low values were 


the result of low*activity of the glyceral- 


dehyde dehydrogenase and _triosephos- 


phatisomerase mixture (Boehringer) used 
in the assay procedure, as this was not 
checked. Some other of our experiments 
indicate such changes in the enzyme 
mixture. For comparison within the 
present series, however, this difficulty 
w@uld hardly influence the conclusions. 
In consideration of the errors involved 
in the calculations the correlation bet- 


ween enzyme changes and hemolysis is 


eS @e+t B te @ npen 
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; 
reasonably good during ECC. It ‘here. 
fore seems justified to conclude that the 
main part of the increase in ALD, GOT. 
LD and MD during ECC is due to hemo. 
lysis. 

After the end of the by-pass, however 
this can hardly explain the increased 


serum enzyme activities, as the hemo. 


globin is going down at the same time. 


Theoretically, an increase in serum en- 
zyme values from continued hemolysis 
without a corresponding increase in 
plasma hemoglobin would. be conceiy- 
able if the hemoglobin clearance were 
much greater than the clearance of the 
enzymes. [This requires the*® assumption 
that the 
increases substantially after the ECC 


hemoglobin clearance rate 
without a corresponding change in en- 
zyme clearances. At present we have 
no evidence in support of this assumption. 
It therefore seems reasonable to assume 
that the enzymes are released from the 
injured tissues, and in the light of the 
known effects of anoxia on the heart it is 
probable that a good contribution comes 
from the heart in connection with inci- 
sion, manipulation and suturing. 

There is also the questien of enzyme 
release from organs due to the general 
stress of the operation. It js known that 
major surgery provokes increased adrenal 
activity. And Schapira (1956) found an 
increase in serum aldolase and GOI 
after injections of desoxycorticosterone, 
in rabbits.Such a release would be gener- 
ally distributed. However, GPT and 
OCaJ, enzymes which show increased 
vadues in liver damage, react very little. 
It therefore seems unlikely that any 
general stress effect is operatiye in the 


enzyme release after ECC. 
° 
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From the Thoracic Clinic, Stockholm, Sweden 
, Surgical Correction of Atrial Septal Defects : 


LENNA ART JOHANSSON and AKE SENNING 


ial —_ 2 am mh Mm. ~ 2 oe 


of Karolinska 


Sjukhuset has been partially open since 


The ‘Thoracic Clinic 
April 1, 1957. It is our purpose to report 
on our experience of the surgical cor- 
rection of atrial septal defects during 
the period of 23 months which have 
elapsed. ‘The material comprises con- 
genital defects, chiefly at the atrial level, 
irrespective of whether the defect was 
combined with other anomalies such as 
pulmonary valvular stenosis or ano- 
malous pulmonary veins. Some patients 
have been operated upon gy closed and 


others by open repair technique under 


hypothermia or extracorporeal circula-: 


tion. 
° 


SURGICAL BACKGROUND 
’ Various methods of surgery have been 
tried out for the clostre of atrial septal 
defects. Attempts at repair have been 
made with the help of palpation inside 


(‘ohn 


auricular wall to the detect. 
* 


the atrium. 1947) sewed a patch 
and 


1950) 


of the 


n, Maresh, Johnson & Warner 


made a clinical repairs by sewing the 


auricular appendage to. the, border? ol + 


the defe@. Bailey. _Uoiviiing.« Gectkeler, 
LL off, Goldbérgss S dott: --Janton, ae 


R lond- Ramirez 1952), ised” as simiil: ir 


? 


“efit ai 


meibod on a largé. ‘material. 


@,* 


EB onsisting’, 


. 2 oO 
was only 35%, 


-_ .) ‘_-—- ——s -e¢* oe *.* - mee eet +B +? Gre S&S °* Re eee Oe? OS +? ‘+? g.° 


involving suture of the auricular wall to 
of the defect. 


method 


called 
Schu- 
macher, Moore & King (1953) performed 


the border They 


this atrio-septp-pexy. 
experimental septo-pexy with a sac of 
pericardial or plastic material attached 
Hufnagel & Gil- 


(1951) used a technique of at- 


to the auricular wall. 
lespie 
taching two nylon buttons to each side 
of the The fact 
forms of plastic 


defect. that diflerent 


prostheses are well 
tolerated inside the heart and that they 
constitute suitable grafts has been de- 
Do- 


used 


researchers. 
Kirklin & Grindlay (1953) 
Miller, Gibbon, 
Cohn & Albritten (1954), 
1954) Bahn- 
(1953) all had good ex- 


monstrated by several 
nald, 
Ivalon sponge plugs. 
Greco, Smith. 
Pomeranz, Watkins & Gross | 
son & Baker 
perience of different plastic materials. 

“well” technique Kirk- 
Wood, Burchell & Edwards 


operated on 59 


Using Gross’s 
lin, Swan, 
1955) 


anortality of three. 


patients with a 
In four of the first 53 


patients a residual shunt was ftound 


postoperatively. In one of them the 


shurft was considered to be the same as 


Before: the:operation. lLater. in a series 


of 12Q patients with, defects 


“Of Sécuinduin variety, the mortality rate 


so taat ghey continued 


-- —_ a i | 
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SURGICAL CORRECTION OF ATRIAL SEPTAL DEFECTS ¢ —e6C« 
© 6 
ao 4 
- . . 7 - o . 
ole andt has no posterocranial septal margin. PABLE 1. Age distribution at surgery. 
9 ' 4 
ive Anomalous pulmonary véins often empty 
| ) a ee ioe 3 Age in years Number of patients 
sinto the superior vena cava or its junc- 
5 ~ 
yp- | tion with the atrium. aa | 
r . © ' — 
He 9. OsTIUM PRIMUM DEFECTS. [he defect 3—10 1] 
e ‘) QL 
las descends towards the valvular plane, 33 e “ 
° ; : . 4 i—TJ € yd 
ng above which there is no septal tissue. 46 ° 9 
ful The atrioventricular valves are intact. »* Total 59 
Or- ~ «9 -GQsPrivemM -ATRIOVENTRIGULARE- GOM--~, 
5 ywuNE. Lhe mildest cases have an atrial ; 
” septal defect, cleft mitral or tricuspid at the clinic when surgery appeared to 
P - ‘ : r % ‘ y lis x. . 1< 
nt- valve, or defect in annulus fibrosus, more be indicated. The age distribution 1s 
@ -« — . : . . 
show » sex distr 
ed severe cases have a ventricular septal hown in Table |, the sex distribution in 
| + : elable 2 (19 amen and 40 women). This 
the detect. 
| ma siinies on snail distritesti f 
cy. 4 CORONARY SINUS DEFECTs. The corresponds to a normal distribution, cl. ° 
. | : ° Swan’s 32 male ; r: ) ationts 
& | ostium of the coronary sinus greatly Swan’s 32 male and 68 female patient 
T ‘easons for presentation 1 
ra | enlarged. Defect between anterior wall Lhe “is ms for presentation in the ¢ 
. os c 
| - | . ‘ S , o . . + S ; ( oO > 
aly of coronary sinus and left atrium. case of younger patients without complex 
sal defects have been the discovery of blow-, 
c ’ 
. ° ° . . 
° ing systolic murmur or heart enlarge- 
CLINICAL MATERIAL 
° ment in routine examination. Olde 
The patients have been operated on, patients have generally come in on ac- 
in the order of referring or of examination count of aggravated symptoms. In some 
° ° o S 
° 
r ° 
has ‘TABLE 2 
_ ° ° 
13 — . 
; Method of ti : 
' Method of operation 
ted j = = ** 
: Circum- Hypo- Extracorp. 
| Lype of defects clusion thermia circulation Ma oF e otal Deaths 
DE- — ° a 
Septum secundum defects 
de- Central defect e ‘ 
al] | ®@ Simple ° 6 15 6 | % eo of | 
. Pulm. sten., acyan. ° 1(1)? -1 o| | | 
cyan. | 2 | 2 | 3 | 
i ) | ° : ° 
ail lotal anom. ven. return 9 9 9) 
Mitral insufficiency I . 
ver Low (inf. caval) defect (1) (1) 6 . 2 | 6 
. High (sin. ven.) defect ae. 3 2 3 5 
‘ ' . : 
ue Septum primum defects l' 
7 : ° ad | ° 
ith Ostium atrioventriculare commune (1) 1 | 4 2 Y L | 4 
( ; 3 ro 9 ° 9 9 
0Mnary sinus defects 2 ° 2 2 
urn | @ ° ° ® . 
otal 8 (2) I8(1) 33 (1) 7 19 40 59 
en anil ° * . : ° . : 
a LS co PS | ‘ , ° 
- — vv 2° 
ts), Minus sign indicates deaths. ? ° 
! © Number Within drackets indicates reoperation under extracorporeal circulation. me 
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using this method despite the advent of 
extracorporeal circulation. ° 

Murray (1948) suggested a suturing 
technique which was subsequently de- 
veloped by Séndergaard (1954) and 
tested clinically by Bjérk & Crafoord 
(1953). It consisted of placing a suture 
in the septum around the defect. In 
1954-.Bjérk & Crafoord operated. on. 12. .. 
patients with a mortality of 2. Of Hus- 
feldt’s (1958) 70 patients, 40° were 
repaired without demonstrable shunt. 

In many cases the appearance of the 
intracardial defect is so complicated that 
it is impossible to form any definite 
opinfon on its boundaries by palpation 
alone; a direct-vision attack has there- 
fore been sought for. Developments in 
this direction are based on the studies of 
Haecker (1907) who showed that the 
heart tolerates inflow occlusion for a 
period of a few minutes. The time during 
which the circulation may be inter- 
rupted has been too short, however, for 
more complicated forms of intracardial 
operation. By their experimental at- 
tempts with hypothermia Bigelow, Cal- 
laghan & Hopps (1950) demonstrated 
the potentialities of hypothermia in 
intracardial surgery? By this means the 
circulation could be interrupted suf- 
ficiently long to permit an intracardiale, 
operation; Lewis & Taufic (1953) re- 
ported a successful direct-vision repair 
under hypothermia, and Blount, Swan, 
Gensini & McCord (1954) reported suc- 
cessful results on five patients as revealed 
by postgperative catheterization. At the 
same time as the number of patients 
operated upon under hypotherfnia has 
riseny the yortality has decreased; 


among, for*example, Swan’s (1958) hast 
° 


é 
Oo © 


fifty-five patients there was not a° ingle 
death, nor among Brom’s last six: y-fiye 
patients with secundum defects. 
Concomitantly with the rapid develop. 
ment of the use of hypothermia, * the 
extracorporeal circulation technique has 
improved and been put to increasing 
use. Gibbon made the first successf 
intracardial..operation under. extracor- 
poreal circulation in 1953. Lillehei (1955 
used controlled cross-circulation for clo. 


sure of, for example, ostium atriovent- 


Ae 
riculare commune. He has since adopted 


the de Wall bubble oxygenator, while the 
Mayo Clinic uses Gibbon’s screen oxy- 
genator (Swan, Wood, Burchell & 
Edwards 1955). Elsewhere, too, eextra- 
corporeal circulation is being increasingly 
used for closure of all varieties of atrial 


septal defect (Senning 1958). ° 


ANATOMICAL CLASSIFICATION 


The biology of the atrial septum has 
been described by Rokitansky (18/9 
and by Patten (1938). We have adopted 
the following classification. 

|. INTERATRIAL SEPTUM SECUNDUM DE- 
FECTS. ee 

(a) Central defects. One or several de- 
fects of vawying size, demarcated all 
round by atrial septal ti8ue. 

(b) Low defects. The defects extend 
down to the inferior vena cava, the lowe! 
margin being, 
with the caval valve. Often combined with 


apparemtly continuous 


anomalous pulmonary venous return 
and sometimes with patent foramen 
e ° 
ovale. R 
. ~ e ° ~ ; 
(c) High defects (sinus venosus detects). 
. ° ° . in 
Che defect lies above the fosga ovalis 


the 
in | 
al) 
nd, 


° 
nd 


o 
um ® 


_detecgs. 
* patients with secundum defect under 
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ad oe 
leading, to the operation of 


extracorporeal circulation. In one case 
an ostium atrioventriquiare commune was 
interpreted as a secundum defect; in at- 
tempts toeplace a circumclusion ‘suture, 
atrioventriculare commune 


an ostium 


° 
was discovered and the patient had to 


“he reoperatéd tirider Extracorporeal cir- 


of angiocardio- 
of 


however, 


The ,value 
for 


return 


culation. 
mapping anomalous 


can, 


eraphy 


venous not be 


overestimated, 


INDICATIONS FOR SURGERY 


We have followed the rule formulated 
at the Symposium on Atrial Septal 
Defects at the International Heart Con- 
gress in Stockholm in 1956 to operate all 
patients with a blood flow through the 
lesser circuit at least twice as great as 
through the greater circuit. In view of 
the low risk involved in operation under 
hypothermia, however, we are increas- 
ingly inclined to widen the indications 
to include all patients with atrial septal 
defects and a significant left-to-right 
shunt. We consider operation contra- 
indicated only in patients whose pulmonary 
vascular resistance gis so high that there 
IS a shunt. 


this 


predominant right-to-left 


During the period covered by 
material only one patient (a 43-year-old 
woman) was refused for this reason. 
Since most of the operations have 
been quite recent, we bave beer unable 
to perform postoperative catheterization 


. . . .s : 
except in a small number of patients. 


. ° . 
© Our present purpose 1S to discuss the 


SU) ql 


technique and the primary 


287 
° 

results. Follow-up studies will be re- 
ported later. ° 

As seen from ‘Table 2, the material 
consists of 59 patients with defects at 
atrial level. Forty-five had secundum 
lesions, 27 of which were simple defects 
at the foramen ovale. ‘I'wo of the latter 


were combined with total anomalous 


' venous return. In 4 patients the defect 


was combined with pulmonary valvular 


stenosis, and in | with mitral insul- 
ficiency. Six patients had defects without 
lower limit tasvards the inferior vena 
cgva, and five had high defects, so- 
called sinus venosus defects. 

In one patient the defect was denoted 
a§ primum and was cofhbined with mitral 
stenosis of congenital type. Eleven patients 
had ostium atrioventriculare commune 


and two coronary sinus defects. 


®°OPERATIVE TECHNIOUES 


Closed repair ee 

V¥e yised the circumclusion method of 
Séndergaard and Bjérk & Crafoord. The 
pericardium is opened by subcostal in- 
cision under the fifth rib and the inter- 
atrial groove is dissected as suggested 
by Séndergaard. After palpation of the 
defect a® ligature is inserfed, in suitable 
cases, through the lower septal tissue 
either with a needle or, 
gaard’s method, with a probe. [he liga- 


ture 1s then tied round the defect in the 


dissected groove across a pericardial flap.¢ 


With the finger in the atrium a check 1s 
made that the defect is closed on tighten- 
ing of the ligature. 
° 
Septum secundum defects have been operated 
upon by circumclusion suture in ten patients. 


Six of them had persistent foramen ovale. ope 
S. 


by Sé6nder- 
: ° 


Bie crete iis 


° . 
cases the patfent had had repeated in- 
: compensation “attacks which demanded 


hospitalization and digitalis therapy 


over a period of several years. Patients defect and A-V commune. 
with ostium atrioventriculare commune Physical working capacity. Of 28 patient 
, have presented eat an earlier age owing examined by cycle-ergometry, 18 hag 
to pronounced symptoms, usually ac- normal or virtuallt undiminished and 

companied by cyanosis on exertion. 10 diminished capacity. 
bees og wm noses et ecsnmtenenn tm ame oe ome maT RETR Smt tae mivermmannnns 148 ae oe eens cemem samem woveemonn =a ae=cunt heterizution was" pertorined iin 

ae ° all cases in which the position, magnitude 
PREOPERATIVE ASSESSMEN] *e and direction of the shunt were deter. 
In the physical examination the patients mined. In two cases’ the shunt was 
have usually had parasternal pulsations, calculated to be rather, smaller than the 

all had typically systolic murmur in the flow in the systemic circuit, while in 2! 

° 


left second to fourth intercostal spaces 


and accentuated second pulmonary 
sound, Confplicated cases have had an 
additional patholggical murmur such as 
the diastolic murmur with extension 
into the left axilla in cases of ostium 

; atrioventriculare commune. , 
Roentgen has shown right heart enlarge- 
ment, wide trunk and main _ branches 
° of pulmonary artery, and increased 
amount of blood in pulmonary vessels. 


of 


distinguishing between a defect of se- 


Electro€ardiogram. The possibility 
p cundum and of ostium primum type by 

means of the electrocardiogram has been 
‘Pos- 


ly, Brandenburg & Bur- 


oe 
demonstrated in recent years by 
cano-Barboz: \. 
. > OA \ 
chell (] YOO). 


gram of a secundum defect shows right 


T he ordinary electrocardio- 


and 
block. 


ugh percentage of primum defects left 


electrical axis deviation partial 


° ; 
e right bundle branch In a very 


electrical ,axis deviation IS found in 
° 
i combination with partial right bundle 


block. If .a 


combined wigh mitral insulficiency, there 


branch primum defect °!s 


may also be signs of left-sided hyper- 


° trophy. ‘The QRS vector ae anti- 
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Cases. 


° ° 
the frontal plane 
electrocardiogram had th® typical 


clockwise in 


The 
ap- 


pearance in our cases of septum Rrimum 


cases the flow through the pulmonary 
circuit was two to three times, and } in De! 
cases more than three times, & great as | 
in the systemic circuit. Patiénts with. 
pulmonary stenosis and cyanosis, as also 
the ostium atrioventriculare commune 
cases, have also had a certain right-to- 
left shunt. In seme cases the size of the 
atrial septal defect was estimated with a 
balloon catheter. Pressures have gerle- . 
rally been normal in the right atrium, 
elevated in the ventricle, and there has 
often been a pressyre gradient over the 
pulmonary ostium due eto increase of 
blood flow. 

Angiocardiography has previously been 
performed in all cases of atrial septal de- 
fect§? It is 


° 
suspected anomalous venous return OF 


now reserved for cases ol 


atrioventriculare commune. ‘The lower 
edge of an atrig! septal defect, is difficult 
to visualize owing to the rotation of the 
heart. A lower septal margin and the 


of 


have been distinctly demonstrated in «2 


° . 
presence anomalous venous return ; 


Os the other hand, 
oO 
and 


In 21 cases. 


© . 
the findtngs were rathereuftcertain 
there was some over-diagnasis of primum @ 
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° 
patient became listleSs 30 hourg after operation, 


and a fey hours later developed epileptiform 
atficks and became unconscious. He was given 
curare and respirator treatment for two days 
Both these patients are c@mpletely restored. In 
the previously mentioned patient with low (infe- 
rior vena cava) defect, the inferior vena .cava 
was first stitched to the left atrium by sutgring 


the inferior caval valve to the defect. The patient 


e ~ 


was.renperated*on the same day_(Biork et.al... 


1959). She has since been reoperated under extra- 
corporeal circulation. Two patients with secun- 
dum defects had auricular fibrillation and flutter 
prior to operation, and five patients flutter or 
fibrillation after operation. ‘These arrhythmias 
were regularized with digifaliseand quinidine. 
Otherwise there were no postoperative complica- 
tions. 

° e 
Open closure under extracorporeal circulation 

Use was made of a Crafoord—Senning— 
AGA heart-lung machine! with right 
sided thoracotomy through the fifth 
costal bed. The venous return is led 
off*by gravity to the heart-lung machine 
and arterialized blood is_ returned 
through the femoral artery. The by-pass 
is adjusted to a blood flow of 2.7—2.2 
litres pér sq.m body area per minute; 
the time of perfusion varied between 11 
and 91 minutes. After the by-pass has 
been started and the cavae occluded, 
the atrium is opened and at the same 
ume the aorta is occluded, which causes 
cardioplegia due to anoxia. The reduced 
blood flow via the coronary asteyies arfd 
the fact of the heart being practically 
stationary and flaccid facilitate ,the 
intratardial operation. Before the defect 
is completely closed@ a cannula is in- 
serted into the left atrium via the hase 
ol the right pulmonar’y veins in order to 


relieve the pulmonaxy circulation and to 


\Vianufactured by AGA, Lidingé, Sweden. 


* Ig9 


prevent distension of the left heart during 
the period immediately following the 
removal of the aortic clamp, when the 
contraction of the heart is weak. When 
the intracardial defect has Been repaired 
and the incision in the right atrium 
nearly closed, the aortic clamp is released 


so that the coronary blood can fill the 


Tight heart, aftér Which" the” iticision ‘is 


entirely closed. Concomitantly the can- 
nula in the left atrium, which is cén- 
nected to the suctioning device of the 
machine, is opened. When the heart is 
again contracting regularly and with 
good vigour, the cannula in the left 
and 


machine is stopped. 


atrium is closed the heart-lung 


Nineteen patf&nts with septum secundum defects 
were operated upon under extracorporeal circula- 
Six defects 


ratively suspected to be of primum type since no 


tion. with central were preope- 
lower septal rim was demonstrable above the 
valvular plane by angiocardiography. These six 
defects were closed by simple suture. One of 
the patients died of cerebral embolism on the 
third day after operation. Autopsy revealed a 
thrombus in the left auricular appendage. 

An acyanotic patient with the combination of 
foramen ovale and pulmonary stenosis developed 
severe tricuspid insufficiency after simple suture 
of the atrial septal defect and had to be reope- 
rated 
same day, an Ivalon sponge prosthesis being 
sewn to the®defect. Severe haemorrhage deve- 
loped postoperatively, requiring thirty transfu- 
sions. The bleeding stopped after 24 hours. She 
was tracheotomized but died suddenly wyh a 
picture of central circulatory collapse on the 
fifth day after operation. 

One of the two cyanotic patients wig) atrial 
septal defect and pulmonary stenosis couid not 
maintain satisfactory systemic circulation after 
valvulotomy and closure of the deféct, and died 
after 12 hours. Autops® revealed an enormously 
underdeveloped right ventricle. The other cya- 
notic patient haf no postoperative complication, 


€ 


under extracorporeal circulation on the. . 
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was cyanotic owing to combination with pul- 
monary stenosis. One had a sinus venosus defect, 
one a low (inferior caval) deféct, and the tenth 
had an ostium atrioventriculare commune. 

The six cases of simple foramen ovale were 
repaireal by typical circumclusion suture. The 
patient with pulmonary stenosis and cyanosis 
still has a right-to-left shunt and signs of pulmo- 


nary stenosis after operation of the defect and 


valvulotomy.. This patient. has not been recathe- 


terized, but a ventricular septal defect ‘appears 
to be present. The patient with high (sinus ve- 
nosus) defect and anomalous venous return was 
repaired by circumclusion and transplantation of 
the vein of the upper lobe to the vein of the middle 
and lower lobes. ® 

Two additional patients had a preoperative 
diagnosis of septum secundum defect. An ostium 
atrioventriculare commune was found in one at 
operation. A ligature was applied, but the attempt 
to tighten it produced total atrioventricular block. 
This disappeared when the ligature was loosened. 
The poor postoperative condition of the patient 
compelled reoperation on a vital indication on 
the followirf day with extracorporeal circulation. 
This patient died on the second postoperative 
day. The second patient could not be repaired 
on account of a low (inferior caval) defect and 
anomalous venous return, but was successfully 
reSperated later with extracorporeal circulation. 

In the eight cases in which cigeumclusion could 
be applied the postoperative course was unevent- 
ful. ‘two patients have been recatheterized and 
no shunt was discovered. Roentgen showed a 
diminution of heart s@e. 


Open repair under hypothermia 

Surface cooling, as used by us, was 
done on an operating table specially 
designed by Adams-Ray, Persson & Hel- 
jestrand. The patient is placed from the 
outset in the position suited for operation 
and is cooled to 30°C with cold am. 
Cooling takes place partly during the 


surgery and rewarrfting is started im- 
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mediately after occlusion. The patient *° 


e s 
Aifo-Hypotherm: manufactured by A.B. 
HELJESTRAND, Stockholm. caine 
. 
. ee 
e . 
° 


re) o 


is lightly hyperventilated, and pH, PCo. 
and standard bicarbonate (Aastrup) ars 
checked at frequent fhtervals. No drug 
are administered. In the majority of 
cases right-sided thoracotomy has beer 
done with incision at the lower border oj 
the fifth rib fgdmi the sternal edge to the 
posterior axillary line with the right side 
tiltéd “upwards about “60° The” Venae’ 


cavae are dissected intrapericardially 


and the sling ligature round the inferio, 
° 


° : 
vena cava is placed as far as_ possible 


from the Atrium. At the same 


time the 


right pulmonary veins are dissected so 


° 
that a clamp can be applied to them. 
When the temperature has fallen to the 


desired value, the. venae cavae are 


occluded, the respirator is disconnected. 
a clamp is applied to the right pulmonary 
veins to prevent emptying of blood and 
filling with air while the atrium is open. 
Whtn the blood pressure has fallen to 


60 mm Hg, the aorta is occluded. The 


right atrium is ingised and emptied ol 
oO 


blood. The defect is closed with two 


The clanap,on the pulmonary 


rows of over-and-over sutures (00 silk), 


veins 1s 


removed, the lungs are inflated so that 


the left atrium becomes overfilPed. with 


blood and air is driven out. The sling 


oO 
. ° | i 
ligatures On the venae cavae are released, 


© 7 
thys filling the right auricle. ‘he incision 


is sutured. A maximum of 7 munutes 


occlusion has been used. 


Nineteen patients were operated upon unde! 


hypothermia. One of them was operated upo! 


twice on the same day and later reoperated with» 


the aid of a heart-lung machine. The operations , 


of the 15 central defects and the 3. hig 


secundum defects (sinus ‘venosus) 


proceeded 


without complication. One patient had a suspe! 


aphasia and poSsibly mild paresis of 


nerve for two days postoperatively. 


the facial 


Another! 


) 
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Two cases exhibited the combination foramen 
ovale and total anomalous venous return. In one, of 
a 


them the pulmonary veins behind the left atrium 
OMY, 


RA S 


runk into the superior vena cava (Fig. 1). In the other 


were fused into a common trunk which emptied 


t and the common trunk emptied into the superior 
vena cava and the upper part of the right atrium. 
sy right-sided thoracotomy, as in closed operative 
technique (Senning, 1958), a wide incision was 
made in the lett atrium and the atrial septal defect 
was sutured from the left atrium, after which 
anastomosis was established between the common 
trunk, into which the pulmonary veins opened, 
and the incision (Fig. 2). The anomalous com- 
Munication with the superior vena cava was 
LPV - ‘a 7 | 
divided. The first case ran an uncomplicated 
course, and recatheterization and angiocardio- 
graphy showed entjrely normal anatomy and 
normal haemodynamics (Fig. 3). The second case 
nad pulmonary hypertension and highly increased 
vascular resistance in the pulmonary circuit. He 
is successfully operated on according to dic same 
nciples. He needed a period of postoperative 
respirator treatment; a follow-up examination has 
vet been made. 
oO 
\ 39-year-old woman with a large foPamen 
mon ovale defect had pronounced mitral insufficiency, 


bably on an endocarditic basis (Fig. 4). She 
RA, 
bet- » | : S : ; . 
ched witalized for incompensation. A ‘mitral annu- 


. . e 
a severe invalid and had been repeatedly 


istic Operation was performed and an Ivalon 
° 


id 
3. Postoperative angiocardiography after correction of total anomalous venous return. 
of B. Nordenstrom. ) 


Clo irtesy 


sponge prosthesis was sutured to the defect. As 
frequentlyefore the operation, she had auricular 
fibrillation postoperatively but no other complica- 
tion. 

Six patients had low septal defects (inferior 
vena cava), three of them with, in addition, 
persistent foramen ovale. ‘Iwo of the latter had 
anomalous venous return. Patients with ano- 
malous venous return were repaired by cutting 
the septum to form an anterior flap and trans- 


planting it to the right of the pulmonary veins. 


Fic. 4. Preoperative roentgen of heart with mitral 


insufficiency and atrial septal detect. 
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Fic. 1, a and b. Total anomalous venous return. Pericardium opened wide by right-sided thoracotomy. 
SVC, superior vena cava; RPV + LPV, right and Rft pulmonary veins with common trunk; Rd, 
right atrium; 7, common pulmonary venous trunk; 2, communication between pulmonary vein trunk 
and superior vena cava; 3, pericardial reflection line attached to posterior margin between right and 
° left atria. 
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e bic. 2,aand db. Total anomalous genous return, Anastomosis established betwe@n left atrium and common 


@ulmonary venous trunk. 
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SVC, superior vena cava; RPI ¢ LPV, right and left pitlmonary veins with common trunk; RA, 
right atrium;*/VC, inferior vena cava; ], coRim®n pulmonary v@nous trunk; 2, communication bet- 
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Fic. 6. Coronary sinus defect. Angiography; injection in a persistent left superior vena cava shows a 
widened coronary sinus with contrast defect caused by a left to right shunt. (Courtesy of U. Rudhe. 
: 


cava, after which the septal defect was closed. 
In the other case the defect was closed by a pros- 
thesis stitched at the lower end to the left of a 
large coronary vein emerging close to the opening 
of the coronary sinus. The first case has been re- 
examined by cathetemization and angiocardio- 
graphy and shows normal conditions, as does the 


second case re-examined by catheterization. 


POSTOPERATIVE MANAGEMENT 


The patient is carefully watched post- 
operatively in respect to temperature, 
blood pressure, pulse and_ breathing. 
Liquids are restricted, loss from drainage 
is replaced with blood, and tracheotomy 
and respirator *trtatment are introduced 
on the least sign of respiragory insuffi- 
ciency. All patients receive Penicillin 


and usually strepfomycig. 


oO 
DISCUSSION 


~ 
: 


yom the practical surgical aspect it 


_ appearsedifficult to glassify atrial septal 


re. 
celects on the basis of supposed d#stur- 


bances of embryological development, 


but we consider it better to distinguish 
the defects 


localization and type. We have included 


according to anatomical 
ostium atrioventriculare commune among 
defects at atrial level although such de- 
fects are related to the upper part of the 
membranous ventricular septum, some- 


° 
muscular 


times descending into the 
ventricular septum. 

We have classified one case as a pri- 
mum defect, in which there was no sep- 
tal tissue alpve a part of the valvular 
plane. The defect waS combined with 
mitral stenosis of congenital type. The 
stenosis was possibly a disturbance of 
development analogous to splitting of the 
valves in ostium atrioventriculare com- 
mune. ° 

The series contains two cases oi total 


o 
anomalous venous return combined with 


, S... : 
torgamen ovale. The malformation 1s 


—- — 
partially of entirely different embryo- 
logical origin, but was included owing to 
its surgical interest. A 


° 
The technique employed in? the first 


9° 
Q a 
ere \ <1 : 
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Of the other four, two were reoperations after 


previous operatfon under hypothermia. One of 
2 7 

each was repaired with a prosthesis and one by 

simple suture. Three of the six patients with low 


defect were tracheotomized. The remainder ran 


an uneventful postoperative course. [wo recathe- 
eterized patients exhibited normal conditions and 
the remainder to be 


were, observed clinmally 


yen oe oO ome 
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was sutured direct without complication. 
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One patient had a defect classified @s primum. 


It was combined with mitral stenosis. Anterior 


. . ~ oe 
and posterior commissurotomy was first performed 


in the mitral valve, after which the atrial septal 
sdlefect was closede No postoperativecomplication- 


developed. 
Ostium atrioventriculare commune was present in 
e || cases. A cleft mitral valve alone was sutured 


in 3 patients, after which the defect was repaired ® 


with a prosthesis in two and by simple suture in 
one case, Of these 11 patients one was reoperated 
on the following day after an attempt at repair 


by circumclusion suture. 


‘Ighe patient was in 
extremely poor condition and died two days 
, after the operation. Another patient died of @trio- 
ventricular block. In a fourth patient the attempt 
was made to widen an extremely narrow mitral 
ostium by stitching a prosthesis to the cleft mitral 
valve. The patient was primarily well but suffered 
a sudden deterioration after 3 weeks and died 6 
weeks after the operation. In three cases an hour- 
glass-shaped prosthesis was applied, one part 
being stitched to the ventricular septal defect ® 
below the atrioventricular valves and the other 
part to the defect at atrial level simultaneously 
with suturing of the cleft mitral and tricuspid 
valves. One of these patients had a residual mitmal 
insufficiency and died three weeks after operation. 
She had been treated for anurf®& with an artificial 
kidney. On® other patient has signs of mitral 


. / . . 
insufficigncy. In the last four cases we ghanged ® 
We 


° 
annulus hbrosus in order to 


our an now 


th? * defec?® ix 


restore 


Start by repairing 


* 
vdieed function at the 

the risk of (Figs 
9). Cleft mitral or tricuspid valves are repaired 
When 


annuloplastic surgery was performed: the defect 


. 
valvular plane 


and diminkh 


insufficiency 


: by suture along the surfaces of contact. 


. at atrial level was. so small in two cases that a 


. * repaired. * . 


© 


é 
"Withee 24 


RV 


Fic. Annuloplast? performed by a double ’ 
suture (9) from the anterior annulus fibrosus | 
tissue close under the valve, through the gap 


between the valves, close under the posterior 
valyg into the posterior annulus fibrosus tissue, 
and back the same way. Each end of the suture 
is reinforced with an Ivalon sponge prosthesis 
and tightened until the valves appear to be 
competent. 


e SVC, superior vena cava; JVC, inferior vena 
cava; RA, right atrial appendage; RV, opened | 
right ventricle; /—2, cleft mitral valve; 3-4, 
cleft septal cusp of tricuspid valve; 5, mitral 
orifice ;®6, tricuspid orifice; 7, coronary sinus; 
8, ventricular septum; 9, annuloplastic suture. 

° ° 


simple suture was employed, while two other 


cases required ®rostheses. ‘wo patients had “ran- 


sient total atrioventricular block and one received 
° o 
respirator treatment. These patients are in good 


° * + . o 2 ° 
condition without definite sign of mitral insuff- 
° 


ciency. ° 


left-to-right shunt 


owing to coronary sinus defect. In one there was 4 


Two patients have had 
° ° 

wite coronary sinu§ into which a left vena cava 
emptied. It was wide open to the left atrium owing 


The 


septum was cut and the vena magna @rdis sil 


S. ° a as ‘ , : ® 
to a defect in the anterior wall (Fig. 6). atrial 
. 


ched end-to-end to a persistent left superior vena 
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Angiography: 


6. Coronary sinus defect. 
widened coronary sinus with contrast defect caused by a left to right shunt. (Courtesy of U. Rudhg. 


FIG. 


o 
| 
cava, after Which t&e septal defect was closed. 
In the other case the defect was closed by a ptos- 
at the left of a 


large coronary vein emerging close to the opening 


thesis stitched lower end to the 


of the coronary sinus. The first case Ras been re- 


examined by catheterization and angiocardio- 
° ae 

graphy and shows normal conditions, as does the 

re-examined by 


second case catheterization... 


POSTOPERATIVE MANAGEMENT 


ry . ‘ eo 
lhe patient is carefully watched post- 


operatively in respect to temperature, 
blood 


L. iquids are restricted, loss from drainage 


pressure, pulse eand “breathipg. 


is re placed with blood, and tracheotomy 


and respirator treatment are introduced 
on the least sign of respiratory insuffi- 
ciency. All patients receive penicillin 
and usually streptomy cin. 
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DISCUSSION 


‘rom the practical surgical aspect it 
appears difficult to classify atrial septal 
defects on the basis of supposed distur- 


bances of embryological development, 
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SEPTAL DEFECTS 
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injection in a persistent left superior vena cava shows a 


but we consider it better to distinguish 
the edefécts according to anatomical « 
localization and type. We have includgd, 
ostium atrioventriculare Commune among 
defeats at atrial level although suclhy de- 
fects are related to the upper part Bf the 
membranous vent¢icular septum, some- 


° 
the muscular 


times descending into 
ventricular septum. ° 

We have cPassified one case ag a pri- 
mum defect, in which there wa’ no sep- 
tal tissut above a part of the valvular 
The defect was combined vwyith 


T *he 


stenosis was possibly a disturbance of 


o 
plane. 


* mitral stenosis of congenital type. 


development analogous to splitting of the 
evalves in ostium atrioventriculare com-. 
7 * 

mune. 

on ee ° 

[he series contains two cases of total 
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anomalous venous return combined With 
‘The 


partially of entirely different embryo- 


malformatidn ‘ig 
logicAl origin, but was included owing to 
its surgical interest. : 


The technique employed in the first 
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Of the other four. 


previous operation under hypothermia. One of 


two were reoperations after 


each was repaired with a prosthesis and one by 
simple suture. Three of the gix patiens with low 
defect were tracheotomized. Thé remainder ran 
an uneventful postoperative course. Two recathe- 

terized patients exhibited normal conditions and ® 


clinically to be 


the remainder were observed 


repaired. ; 
One patie nt with high (sinus venosus) de fect 
was sutured direct without complic ation. 

One patient had a defect classified as primum. 
It was combined with mitral stenosis. Anteriog 
and posterior commissurotomy was first performed 
in the mitral valve, after which the atrial septal 
defect was closed. No postoperative gomplicationg 
developed. ° 

Ostium atrioventriculare commune was present in 
11 cases. A cleft mitral valve alone was sutured 
in 3 patients, after whicl the defect was repaired ° 
with a prosthesis in two and by simple suture in 
one case, Of these 11 patients one was reoperated 
on te following day after an attefhpt at repair 
The 


and 


by circumclusion suture. patient was in 


@ s-.: ‘ 
extremely poor condition eaied two days 


after the operation. Another patient died of atrio- 
ventricular block. In a fourth patient the attempt 
was made to widen an extremely natrow mitral 
ostium by stitching a prosthesis to the cleft mitral 
valve. The patient was primarily well but suffered 
a sudden deterioration after 3 weeks and died 6 
weeks after the operation. In three cases an hour- 


glass-shaped prosthe Sis was applied, one part 
being stitched to the verRricular septal defect 


below the other 


atrioventricular valves and the 
oa 

part to the defect at atrial levelesimultaneously 

“with suturing of the gleft mitral” and trieuspid 


valves. One of these patients had a residual mitral 
° 

insufficiency and died threg weeks after operation. 
| @ eg 

She had been treated for anuria with ah attificial 


kidney. One other patient has signs ofe mitral 
P | 


. | 7 . . 
insufficiency. In the last four cases we changed 


our technique. We now start by repairing 
° . . . 

the defect in annulus fibrosus in order to 

restore normal function at the Valvular plane e 

and diminish the risk of insufficiency (Fig. 


9). Cleft mitral or tricuspid valves are repaired 
by suture along the surfaces of contact. When 
annuloplastic surgery was performed, the defect 


at atrial level was so small in two cases that a 
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emptied. It was wide open to the left atrium owing 
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Fic. 5. Annuloplasty performed by a doubl i 
° suture (9) from the anterior annulus fibrosus 


tissue close under the valve, thgough the gap 
between the valves, close under the posterior 
valve into the posterior annulus fibrosus tissue, 
and bagk the same w ay. Each end of the suture . 
is, reinforced with an Ivalon sponge, prosthe cis 
and tightened until the valves appear to be 
competent. ° 


SVC, superior vena cava; /VC, inferior vena 
cava; RA, ght atrial apperidage; RV, opened 
right ventricle; /—2, cleft mitral valve; 3-4, | 
cleft septal cuspeof tricuspid valve; 5, mitral 
orifice; 6, tricuspid orifice; 7, coronary sinus; 
6, ventri@ular septum; 9, annuloplastic suture. 
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simple suture was, employed, 


while two other | 


cases required prostheses. ‘wo patie nts had trarf 


sient total atrioverttricular block and one rece ‘ived 
respirator treatment. [hese patients are in good 
condition without definite sign of mitral insuffi- 
ciency. . 4 


Two patients have had left-to-right shunt 
owing to coronary sinus defect. In one there was 4 
wide coronary sinus into which a left vena cava 
to a defect in the anterior wall (Fig. 6). The atrial 
septum was cut and the vena magna cordis stit- 


ched end-to-end to a persistent left superior vena 
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SURGICAL CORRECTION OF ATRIAL SEPTAL DEFECTS 


septal defect can be closed from the inci- 


jon in the left atrium. 

Several of the patients were tracheoto- 
mized and given respirator treatment 
postoperatively since, even in mild 
ventilatory insufficiency, we prefer to 
assist the patient’s respiration ar®ficiallys 


In our Opinion respirator treatment has 


with pulmonary hypertension. 

Open cardiotomy is now preferred to 
closed repair for correction of defects at 
atrial level. Extracorporeal circulation 


with a heart-lung machfne provides the 


. ° . 
best means of closing even complicated 


defects, but is still so expensive and 
requires so much blood that hypothermia 
is preferred when feasjble. 

We imagine that in future we shall 
generally use hypothermia, as now, for 
defects at atrial level. When unexpected 
technical problems are encountered, a 
disposable simple keart-lung machihe can 
be connected, which allows a sufficiently 


long operating time. 


SUMMARY 


An account is given of 59 cases of atrial septal 
defects operated upon by closed repair cand by 
opengsurgery under hypothermia and with extra- 
corporeal circulation. ‘Techniques and primary 
results are discussed. ‘The mortality was 4 out of 
il patients with ostium atrioventriculare com- 


mune and 3 out of the remaining 48 patients. 
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part of the series was closure with cir- 
cumclusion suture. This procedure has 
its limitations. I, is difficult to close 
inferior cava defects, and some cases of 
and 


strioventriculare Commune can- 


partial anomalous venous return 


ostium 


+* . 
not be operated upon. Since‘in othere 


series as well (Husfeldt, 1958) there has 


° 
seme “Heel a high percéritage t fresiduatstiurtts- 


we now prefer an open technique and 
the Simpler defects are preferably repai- 
red under hypothermia. Surface cooling 
is employed and no drugs are admini- 
stered to influence heart rhythm during 
occlusion. Our experience is too limited. 
however, to judge whetlger this may“aflect 
the frequency Qf ventricular fibrillation. 
When using solely ritht-sided thoraco- 
tomy we have seen qir rise into the right 
pulmgnary veins, and we now consider 


it important to have a clathp on these 


_° “rer 
,veins during the period in which the 


atrial septal defect is open in order to 
avoid air embolization. 

More complicated defects are operated 
upon under extracorporeal circulation 
in view of the &dvantage of the prolonged 
With 


: . - . . 5 oO 
circulation it 1s chiefly ostium atrioven- 


operating time. extracorporeal 
triculare commune which involves teche 
nical problems. Some of these defects are 
of such severity as to be inoperable at 
the present time. We consider it essential 
at present to perform annuloplastics so 
as to obtain support for the valvular 
mechanism edtring systole, thus dimi- 
nishing the, risk of insufficiency. Annulo- 
plastic surgery also reduces defects in 
ventricular and atrial septa and often 
pe, mits their closure by simple suture. 
A practical detail is that the mitral and 


tricuspid valves should, if possible, be 


o 
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6 


* so sutured that their contact surface; 
9 


abut one another. 

In the repair of ostium atrioventri. 
culare commune,atrioyentricular block 
is a great danger. We attempt to place 
sutures parallel with the upper edge of 
the ventricular septum and not trans. 


versally. Of three patients who deve. 


. - . 
lopedatrroverrtrrcular block one’ died,” 


while two had transitory block which 
lasted between a few hours and four days, 
We now consider it generally advisable 
to place pacemaker electrodes in all these 
patients for use in the event of total 
atrioventricular block. ° 
With a combination of atrial septal 
defect plus pulmonary valvular stenosis 
plus cyaposis it is, of course, essential 
to start with valvulotomy. If the right- 
to-left shut then disappears at the atPial 
level, the defect can be closed.” If the 
right-to-left shunt persists, we consider, 
like Brom, that the defect should not be 
closed until the shunt has reversed. : 
The correction of goronary sinus de- 
fects may constitute a problem. If they 
are cl&ed direct, most of the venous 
blood of the heart enters the left side 
In one case, therefore, we preferred to 
let the coronary sinus empty into 4a 
persistent left vena cava; in another the 
greater portion of the venous blood was 
rediwected to the right side by means of 
a prosthesis» Two small veins still empty 
into the right side, but recatheteriza- 
tion has not revealed any lowering 10 
oxygen saturation of the arterial blood. 
If total anomalous, venous return 1 
operated from the right side, the dorsal 
side of the heart is most accessible; from 
this approach there is no need even t0 


open the right atrrum, but the atrial 


correction of 


Several methods have been suggested 
surgical complete 


for 

transposition of the aorta and pulmonar? 
artery, some of* them by operation on 
the arterial level (Bailey, Cookson, 
Downing & Neptune, 1954; Bjork & * 
Bouckaert, 1954; Blomback, Blomback, : 
Senning & Wallen, 1955; Kay & Gross, 
"1955; Mustard, Chute, Keith, Sirek, 


Rowe & Vdad, 1954; Senning, 1958). * 


Considerable improvement has_ been 
brought about in a number of surviving 
patients by operation on the venous level 
Blalock & Hanlon, 1950; Graanboom, 
1953; Lillehei & Varco, 1953), parti- 
Baffes’ m (Bafles, 
Merendino, Herron, 
& Vetto 


interatrial venous transposftion with the 


cularly with method 
1956). Jesseph, 


(1957) 


i 


Thomas have tried 
help of a plastic prosthesis, and Albert 
1955) tested experimentally the use of 
an anterior flap of the atrial septum for 
, 2 ° 
correction, 
\ new method for surgical correction 
Ol transposition of the great vessels has 
,recently been described by one of us 
nning, 1958). An account is given in 
(he present paper of the clinical, physio- 
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ACTA 
From the Thoracic Clinic, Karolinska Sjukhuset, Stockholm 60, Sweden 
° ° . 7 

Surgically Corrected Case of Transposition me 

| oO 
: of the Great Vessels ‘ ‘ 
BENGT JONSSON, CarL-OLor Ovenrors and AKE SENNING 
o 
eo oO . ° 
° ® 
. ° 
. rs 
8 oO . 


logical and yoentgenologic findings in a. 
patient operated on with this method. 
The techniqyes used in cardfac cathe- 
terization and angiocardiography were 
the same as those described in earlier 
reports from our hospital (Kjellberge 


Mannheimer, Rtidhe & Jonsson, 1955). 


CASE REPORT! 


° 

A. S., a boy, b. 9/1 1948. He had been 
cyanotic since birth. At 18 months, he 
had a convulsive attaék with Tever. He 
had never been a squatter. On his first 
admission to hospital in February 1954, 
he was able to walk about 100 metres on 
the level. Physical examination showed 
deep cyanosis and marked clubbing of 
the fingers and toes. There was no 
precordial bulge and no systolic thrill. 
A marked parasternal lift w&s present. 
The second’heart sound was accentuated 
and pure. A short, early-systolic, grade 
II murmur was heard over the second 

. 

' The preoperative stifdies, made at the pedia- 
tric clinic, Karolinska sjukhuset, have earlier 
been reported by Kjellberg, Mannheimer, Rtidhe 
and Jonsson. 
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9 Fic. 2. Preoperative pressure recording from It atrium (LA), right atrium (RQ), right ventricle (RV) 
and left ventricle (LV). In thegright ventricle, the systolic pressure is on the same level as normal 
pressure in tlf— systemic circuit, and that in the left ventricle as fn the pulmonary circuit. The left 
atryim shows greater respiratory variations im pressure than the right. The shape of the curve for the 
left atrium is abnormal, with a rapid fall in pressure after the peak of the v wave. This can be explained ° 
by the left vent#@icle being abnormally thin-walled, alld therefore presemting less resistance during 
the rapid filling phase. , 

° S : 
° , 
a mutual variation in the atrial pressures left ventricle. During ventricular dias» 


we 
aaah” 


oO 
during respir@tion, thus allowyg the, tole, an unusually rapid fall in pressure 
“Pps ; 
| possibility of an interatrial shunt in was observed in the left a®Prium, on 
alternating directions. During inspira- opening of the mitral valve (Fig. 2). 
tion, the left atrial pressure was lower Since the pr&sure in the right atriume 
-.. oie 
than the right, and during expiration was higher than in the left during 
: ° | , ae 
vice versa® The systotic pressure in the ventricular diastole, a right, to left inter- 
right ventricle wa® high (78 mm Hg), ‘atrial shunt could take place. During 
whereas that in the left. ventricle was ventricular systole, on the other hand, 
°c ; ae . ; 
a 19 mn? He). Contrary to the *® the pressure was higher in the left atrium 
normal conditions. the hypertrophied and the prerequisites therefore existed ° 
» Tigit ventricle presepted greater resis- for a left t6 rifht Shunt. 
ia tance to diastolic filling than did the Selective angiocardigraphy was perfor- 
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Fic. 1. Preoperative roentgenologic xamination. Moderat@ enlargement of heart. Considerable dilata- 
tion and hypertrophy of right ventricle. No signg of atrial enlargement. The vascular pedicle is no 
narrower than normal, but the main trunk of the pulmonary artery cannot be identified. Greatly 
increased vascularity of lungs. 


° ° 
° ° % ° 
Lel.S. The ECG showed signs of pro- TABLE |. Finfings on Cardiac 
; ‘ ° ° . 
nounced right ventricular hypertrophy. catheterization. 
On plain roentgenograms (Fig. 1), — 
° 
the pulmonary vessels were fairly mark- e Before After 
og “a ae See operation operatiog 
edly dilated, as a sign of increased blood - 9 3.54 77 50 
flow. No typical narrow vascular pedicle . pa 
4 ~ 
was observed, bute the main trumk of a ‘ 
aes se, YTS 6*/ 10° 
he .) st Awrtoawr«r Ag , ar /12 a 
t pulm nary artery @ould not be Teeate con , 1086 196 
identified at the normal site, No indi- Weight, kg ¢ 44.6 22.0 
cations of atrial enlargement were pre O, saturation, % 
atrié argemegit were pre- ‘SVC . 56 70) 
° . ~ 
sent. IVC 60 /U 
= “er A 68 cr) 
Cardiac catheterization was performed on R ) = 
LA 82 bo 
March 3; the resulgé are shown in Table PV 97 
-_ 68 
|. Lhe catheter could be advanced into RV - 9 
LN Ob 6 / 
all the chambers of the heart. into the e PA P 66 
_) Sanat om ° 9 43 
left side through an atrial septal defec © syst. art. 0 . 
S ect. O, cap., vol. % 28.4 28.0 
It was not. however, possible to enter Pressure, mm Hg 
the pulmonary artery and aorta. A SVC e : 
°" IVC 6 
mixed shunt was present at the atrial » BA 3 
an | . ° > 6 
level, and repeated sampling of the blood ain ; | 
- R\ ° 13/8 
showed, that the shunt variedefram one LV ° 198 15/2 
° é ) 
moment to the next.® PA ° w » 14/( 
: . | Worta 86. 63 
Analysis of the pressure ci®rves showed a 
Ss @ 
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oO vcs © vci LV PA 
oC 
20 * eet Vee eet ‘ce 
\ in 
‘ | 
wy WA p y 
° ° ° 0- ° ‘ o a 
° : ° 
° 
. vs © ‘ 
rata EN ETE FPP TESS “recur ing “a pus lupe rative~catitetenzations from Sten er rm ee 
P perior vena cava (VCS), inferior vena cava (VCI), the venous part of . 
the anatomic left atrium (LA), left ventricle (LV) and pulmonary 
eartery (PA). . ° ° 
> ° 
i "Ae y 
° e ° 
° ° : - ° e ° 
| ing aorta took place through a wide the right atrial wall was se wn into the e 
backward arch, ingthe sagittal plane. No atrial septal “lefect &nd to the righy of thee i ‘ 
demonstrable yentr icular septal defect toropary* sinus, as well as in front of both P 
. . ° 
or patent ductus agteriosus w as present. caval “veins, so that these opened into | 2 
The left ventric cle was somewhat thin- the anterior part gf the left atrium, ° 
. oe 
: walled, smaller than the yweht ventricle, through the atrial septal defect created. 
° 
: and lay behind it”’The main tfunk of the The right pulmonary veins were incised ° 
° 
pulmonary artery was given off from the « e parallel to the posterigr margin ‘of the e °° 
left _ventric le; it “Was unusually shdrt, right atrium. ‘khe lateral margin ,of the ‘ >. 
; e “<a ; : ° 
and lay in the midline behind the in@ision was then sutured te the anterior 
° ° . 
aorta. ° margin of the inc iSion in the right atrium. . 
Preoperative diagnosis: *completes trans- ‘In this w ay? an arterial atrium was : 
~ * ge : - ° ° 
position of the great vessels and atrial created, consisting of the posterior part . ° 
° ee 
| septal defect. ; of the left atrium, and the anterior part 
° ° 
Operation (trarfsatrial correction of of the right atrium. « 
< | : e | ° 
transposition vith enning’s method) Operation was performed under extra- ; 
was performed on June 10, 1958. Though ° corporeal circulation with the Crafoord— « 
° ° ene ° 
a trans-ster nal thoracotomy, the right Senning—AGA heart-lung machine. Du- ° 
: ° . ° 
ip. | atriam was incised parallel to the vena ring operation, thé arterial oxygen . 
*~ _  ¢ava and in front of it. An atrjal septal saturation was 40% before correction, 
ma . ; : : © 
nary « @ elect about 17 mm ih diameter was and 93°, after correction. Prophylactic . j 
© @ . eo ° 
a present at the siteeof the foramen ovale:  * tracheotomy was performed. : 
the lower part of the septum was thin, The patient was kept in a respirator 
e . 
i and had small perforations. This pamt for three days. ‘The postoperative course ° ° 
i } was excised, after which’ a posterior flap was, on the whole, uneventful. The LCG -« : 
ant was made of the rest of the septum. This was recorded daily. Sinus rhythm was 
d | : ‘hy , . 7 
ute lap was sutured to the posterior wall of present, with normal P-Q, time; the ap- 4 
‘ ly . . fc © 
all the left atrium and in front of the, pearance of the P waves was unchanged. B 
> - | . —— . . . . . . 
nd Pub onary veins. [he posterior part of Postoperative cardiac catheterization and 
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e Fic. 3. Preoperative atigiocardiography. A and B, contrast medium injected into right vertricle, which 1s 
e thick-walled and dilated. A wide aorta is given off from ig; the vessel runs in a backward arch close 
to the sagittal planee No ventricular septal defect or patent ductus arteriosu§ are visible. C and D. 
° . e contrast medium “injected into left ventricle, via a catheter which advanced thrgugh an atrial septal 
ei ; defect. The main trunk of the pulmonary artery ligs behind the aorta, and is shorter thanenormal. 
. . .. . : . : , . 
; Left ventricle smaller than right, and fairly thin-walled. AO, aorta; LV, left ventricle; PA, pulmofiary e 
artery; RV, right ventricle. : ’ 
, . ° 6 ° : , . ° ® 
* e ® P 
° 6 . . * 
: 0 med twice, with injection of contrast edly dilated and hypertrophic. Its in } 
medium into the right and left ventricle. fundibulum was displaced upwards an¢ 
respectively (Fig. 3). The anteriorly to the right. The moderately dilated 
: situated right ventricle, with a typical ascending aorta was given off ventrally 
* Crista supraventricularis, was fairly mark- from it; the transition into the descend 
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hic. 6. Postoperative angiocardiography. Arterial phase, A and B. The pulmonary veins open into the 
ney arterial atriung. This consists of the posterior part of the left atrium and anterior part of right atrium. 
‘No hindrance to passage between the two chambérs of the arterial atrium, which has a large 
volumeecompared to that of the venous atrfum. C and D, good passage through the tricuspid valve 
to the right ventricle, which is smaller than before operation, but still shows signs of hypertrophy. 
\O, aorta; LA, posterior part of left atrium; RA, anterior part of right atrium; RV, right ventricle. ; 
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orifice into® the left ventricle, and thence 
into the puljmonary artery. 


a . ‘< i. “oe # — . 
*\O pressure gradient was present be- 


tween the inferior vena cava, superior 


ven cava and the venous atrium (Fig. 


U 


* 


4). No intracardiac shunts were de-~° 


monstrable. ‘The pressure in the pul-. 
monary artery was normal, and the 
systolic pressure in the left ventricle was 
before 


low. as operation, and cor- 


. * . 
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bic. 5, Postoperative angiocardiography. Venous phase. Contrast medium injected into the newly createc 
venous atrium; reflux to caval Vvelns, A and BR. the Venous atrium now consists ot the pe sterior par Ol 
the right atrium and anterior part of left atrium. The new atrium is fairly small, and its shape is ite 
gular. No stenosis at opening’ of caval veins. Arrow points to left atrial appendage. C and VD, 5 Sec. 
later. No impediment to filling of left ventricle and pulmonary artery. Left ventricle of same size @ 
before operation. Pulmonary artery wider than notmal. LV, left ventricle;.PA, pulmonary artery 

V A, venous atriam;: VCI, inferior vena cava. 
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o 
: 
angvocardiugraphy were performed on July 
7 (Table 


ventilation during Avertin anaesthesia. 


The whole examination was 
carried out under general anaesthesia. 
The somewhat low arterial oxygen satu- 


ration can be explained by decreased 


CG > . ; -. 
The catheter passed from the inierio! 


vena cava. via the new venous atrium. 


into the superior vena cava. It wa also 


possible to advance through the mutta 


* 
°° om 


mitra leaflets towards the atrium during 
‘omeiric contraction’ may imply a 
relatively appreciable narrowing of the 
space ° 

The arterial atrium, which has a*con- 
siderably larger volume than the venous , 
atrium, also consists of two communicat- 
__ing_chambers, without_signs_of stenosis __. 

Fig. 6, A-B). Its emptying ability also 
seems to be good (Fig. 6, C-D)? The 

low pressure in theepulmonary artery 1s 

a further indic&tion,of the efficient func- 

tion of the arterial atrium. Thus, opera- 
etion seems to have produced good re- 
sults from the haemodynamic point of 

, ° 

view. 

Patients with intact yentricular septum 
and a mixed shunt at the atrial level are 
the ideal cases for this type of operation. 
This is because pressure and resistance 

ein the pulmonary artery are normal. 
Normal haemodynamic conditions after 
operation cannot, on the contrary, be 
achieved in patients with a shunt throwgh 
a ventricular septal defect, as long as 
this defect remains. Development of 
vascular changes in the lungs makes tht ° 
cases more complicated. Consequently, 
when a _ ventricular septal defect is 
preserft, complete correction at the 
same session is indicated, in order to 
create as satisfactory conditions as pos- 
sible. ° 

In four such cases in which complete 

correction was performed in one session, 
the patients died shortly after operation. 
Death was due partly to a_ technical 
error, with overloading of the pulmonary 
circulation, and in one case was probably 
to be ascribed partly to right ventricular 
failure. After improvements in_ the 


© 
‘echnique, this method of operation 
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oO 
° “ti 
seems, however, to offér good prospécts 
of success even in cases with coincident 
ventricular septal defect. 
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responded to,gthat in the pulmonary 


artery. 


In the venous atrium, a systolicgrise 1? 


pressure up to 9 mm Hg was present, 


whereas the a wave was Sow (Fig. 4). 
The shape of the curve was atypital. 
© At a subsequent angiocardiographic exa- 


mination, the contrast medium was in- 


jected into the newly created venous 
atrium, whence a reflux took place to 
both caval veins (Pig. 5). The reflux to 
the inferior vena cava was most marked. 


Both 
arch to the left. 


caval veins were displaced in an 
and opened into ¢he 
small venous atrium, situated on the 
left. No stenosis was present at the open- 
eing of the caval veins into the atrium. 
The contrast medium passed without 
hindrance through the mitral valve into 


the left ventricle. which was still mode- 


rately dilated and somewhat more thin- « 


walled than fiormal. The pulmonary 
orifice, pulmonary arteries and pulmo- 
nary veins had the same appearance as 
before operation. The pulmonary veins 
joined into a common trunk, correspond- 
ing to the posterior part of the left 
atrium (Fig. 6), 
with tke anterior part of the right at- 
rium. No impediment to passage could be 
demonstrated. The new arterial atrium 
lay behind the®venous atrium and on its 
right, as can be inferred from Fig. 6. The 
right ventricle was less hypertrophied 
before 


and dilated than 


operation, 
whereas the appearance of the aorta was 


unchanged. . 


DISCUSSION 


° So 
Operation has resulted in complete 
functional correction of transposition of 


o 


O 


° . . 
y . ‘ > = . ‘ -. a ( A ‘ » 
greatly altered anatomy, an impedingent 


e - (3) 
which communicated 


the great vessels, in that all venous" lood 
is directed to the pulmonary artery, ang 
all arterial blood to the aorta. However 
a$ before operation, the right ventricle 
works with abnormally high pressure 
‘pressure in systemic circuit), and the 
left ventricle with abnormally low °pres. 


sure (pr essure in pulmonary Cir@uit), 


ee i nine “~ 4 Pet Oy Poe es “Oe Seger OE 


The anatomy of the atria has wi 
changed by operation. Thus, the venous 
atrium now consists of part of the right 
atrium and the anterior part of the lef 
atrium. The arterial atrium is formed by 
the posterior part of fhe left atrium and 
anterior part of the right atrium. Angio- 

cardiographic examination ‘howe the 
venous atrium to be small, and the two 


markedly dis- 
° 
In View of the 


caval veins to be fairly 


placed in its direction. 


to emptying could easily have been 
expected, both at the site of suture be- 
tween the caval veins and the arterial 
atriume and in the atrial septal detect 
created, which forms the communic ation 
between the caval veins and,the venous 
Atrium. No 


emptying impediment of any functional 


signS of stenosis or an 
importgnce could be demonstrated at 
catheterization (Table I) or angiocardio- 
graphy. : 
The systolic rise in pressure in the 
venous atrium (Fig. 4) probably’ does 
not imply any regurgitation through the 
mitral valve, 


especially. as a_ systolic 


murmur is lacking. It may have been 


due to the catheter lying close td the 
valvular plane on recording, and to the 
fact that this venous atrium is small, and 
a considerable rise in pressure is there 
fore elicited even by an inappreciable 


increase in volume. Displacement of the 


© 
° ° ‘ 
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mitra: leaflets towards the atrium during seems, however, to offer good prospects 
‘ometric contraction may imply a of success even in cases with coincident 
, relatively appreciable narrowing of thé ventricular septal defect. ° 
° . 
space . ° 
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7° ° 
| 1 responded to that in the pulmonary the great vessels, in that all venous |)looq n 
| ; artery. is directed to the pulmonary artery, anqd - 
In the venous atrium, a systolic rise in all arterial blood to the aorta. However re 
7 i pressure up to 9 mm Hg was present, as before operation, the right ventricle s] 
whereas the a wave was low (Fig. 4). works with abnormally high pressure 
j The shape of the curve was atypical. , (pressure in systemic cirGuit), and the <i 
° At a subsequent angiocardiographic exa- left ventricle with abnormally low pres. 4 
; ” mination, the contrast medium was- in- sure (pressure i In pulmonary circuit) | il 
a oD a . jected into” ‘the newly created ‘venous ~The anatomy of the atria has pr | 
iit @ atrium, whence a emus took place eto changed by operation. ‘Thus, the venous s¢ 
4 both caval veins (Fig. 5). The reflux to atrium now gonsists of part of the right I 
the inferior vena cava was most marked. atrium and the anterior part of the left a 
Both caval veins were displaced in an | ¢-atrium. The arterial, atrium is formed by t 
F arch  th® left, and opened into the the posterior part of the left® atrium and t 
e small venous atrium, situated on, the anterior part of the right atrium. Angio- st 
e* left. No stenosis was present at the open- cardiographic examination showed the mm 
Fe ing of the caval veins into the *atriupe verotsatriuhh ww be sinall, and the two 
The contrast medium passed without caval veins to be fairly markedly dis- a 
r hindrance through the mitral valve into placed in its direction. In view of the t 
the left ventricle, which was still mode- greatly altered anatomy, an impediment 1 
rately dilated and somewhatemore thin- to emptying could easily*have beet 1 
walled than normal. The “pulmonary expected, both at the site of suture be- } 
* — orifice, pulmonary arteries 4nd pulmo- tween the caval veins and the arterial 0 
e nary veins*had the same appearance 4s atwiunf, and in the atrial septal defect a 
y before operation. The “pulmonary veins created*whick forms the cOmmunication d 
r joined into a common trunk, correspohd- between the caval veins and the venou® \ 
*in® to the @osterior part of the left atrium. No. signs of, stenosis or al? \ 
° 4 atrium e Fig. 6), which communicated emptying impediment of any functional ( 
: : . . :; © ° 
e with the anterior part of the*right at- « importance could be demonstrated at \ 
rium. No impedignent to passage could be catheterization (Table 1) or angiocardio, 
P ’ demonstraged. The f@w arterial atrium e graphy. ; 4 ° . 
lay behind the venous atrium and on its % , Lhe systolic rise in pressure, igi the | 
right, as can be inferred from Fig. 6. The venous atrium (Fig. 4) probably dors 7 
bs : right ventricle was less hypertrophitd e not imply any regurgifation through the : 
° and dilated than before operation, mitral valve, especially as a_ systolic 
whereas the appearance of the aorta was murmur is lacking. It may have been 
unchanged. ° . s due to thee catheter lying close to the | 
aa? : valvular plane on recording, and to the 
: é DISCUSSION ‘ fact that this venous atrium is small, and | 
a. . . _2 considerable risé in pressure ig there- | 
1 ° Operation has resulted in complete f6re elicited even by ean inappreciable | 
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Coarctation of the Aorta in Infants: Diagnosis and Operability 


Av GA&MMETGAAXRD? Tr: 


e Cgarctation of the aorta. which was first 


' | | “ih 
treated surgically by Crafoord jn 1945, 


belongs to the group of congenitab heart 
diseases in whic h surgical treatn?ent may 
ebe life-saving and curative, especially 
during the first few months of*life. The 
increasing interest taken in the diagnosis 
of the types of congenital heart disease 
in infancy*has revealed tMfaj more than 
half of the patients with coarctation of 
the agrta present symptoms ip infancy. 
In°addition, it appears that, if patients 
with early symptoms are left untreated, 
the prégnosis is very grave. ‘Phus, Keith 
of 60-90 %, 
depending on the type ef the cardiac 


defect. di is . 


MATERIAL ° 


found a mortality rate 


° 
se i on o acc: ° . 
Since 1955° a total of 266 infants with 


severe congenital heart ‘disease have 
been examined and treated in the Queen 
Children’s Hospital at Cofen- 
hagen; of these, 20 suffered from coarcta- 
of the An of the 


diagnosis and the results of treatment is 


Louise 


tion 


aorta. account 


given below. The methods of examina- 
on have previously been considered by 
Bo 1956). 


cording to the operative and/or 


Cll 


Frernecsen'and J. Borsen-~-00+* eens 


0 o 
. . . o 
aytopsy findings, the coarctations con- 
sidered here may be divided into 6 types 


oO . . = ak . . 
as shown in figure |. This classification 
> 


*is very similar to that suggested lw 


Keith, 
poreuctn and three, preductal types. In 
Keith,” 


frequency of patent ductus arteriosus and 


who distinguished between one 


the series. _considgred by the 
intracardiac defects increased from the 
postduttal through the three preductal 
types; 


ut 36,and 95% and intracardiac defects 


patent ductus was* thus present 


POSTOUCTa, TvPt 


» loon ° 
| . 
. 
° 2? WFANTS 
° 
eae 


— 


> WwanTs + INFANT 


Fic. |. Distribution of types | to 6 of Coare tation 
of the aorta ein 20 anfants (operative and/or 
autopsy findings). ‘Types | and 2 correspond 
to the adult type, _type 3 to an intermedia® 
type, and types 4, 5 and 6 to the infantile type. 
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vessels with extracorporeal circuit. Surgery, 36: 
39, 1954. 


& 
o 
. 6 
- 
° 
bd - 
° 
* 
*. 
° 
. 
° 
°o 
e ® 
oO 
oe 
se 
°o ° 
© ° 
© ee 
o 7 
°o ° 
* 
f 
° . 
° © 
° 
° 
° ° 
° 
° © ° 
o 
® e 
eo 
° 
° 
@ e ® 
7 ° 
° 
e 
. . e ° 
° 
e® 
s ° 
2 
(+) oe ° 
a © 
* 
°° ° @ 
° e 
e 
° 
° 
e 
e 
e 
o 
7 2 ° ° ° 
re) 
_- 
= 


Kern, J. D., 
The 


‘ea ve 


B. JONSSON ef al. 


» * 
SenninG, A.: Transposition of aorta och rteR, 
pulmonalis. Opuscula Medicagnr. 2, 4958 
Senninc, A.: Surgical correction of transposition 


of the great vessels. Surgery (in press). 


@ 
- ° = 3 
°o 
ef ere se mes oe © + 
+ 
o 
s 2 e 
*- 
°o 
e 
° 
7 
° ° 
7 
oO 
° 
° ° . 
° 
° 
e* m 
4 
° 
. ° ° 
° 2 . o 
° 
a 
° o 
7 
© 
oe oO ° 
° 
. 
° 
° 
~ . e ° 
oO 
o 
° 
° ° , 
° 
° 
o 
o 
oS 


Al 


. ber of cases 


se 


Co aereae gag at: t+ ts ses Se 2s Z i a Se. ee wee, 
* : » " i e * * 


4 


e COARGAATION OF THE AORTA IN INFANTS 


TapLe 2. Relation between pulsation of, 
the femoral arteries and the type of 
coarctation. 


a 
fype of No. of Pulsation of femoral arteries 
-oarctation Cases Present Absent 
Adult a 0 6 
Intermediate 7 | 6 
Infantile 7 7 0) 

Total 20 % 1? 

7 

"From these observations it may be 


concluded—-obviously with some. allo- 
wance being made for the limited num- 
that absence of pulsation of 
the femoral arteries provides strong evidence in 
favour of an operable form of aortic coarcta- 
tion. This griterion seems to be so un- 
questionable that it may be permissible 
to perform “exploratory thoracotomy 
with a view to operation for coarctation 
if pulsation of the femoral arteries is 
absent (while pulsation is ,distinctlye 
palpable in at least the right radial 
artery), and if the condition is¢ so 
serious that farther investigations cannot 
be awaited, but operation is *vitally 
indicated (cf. Keith, page 189). « 

A diagnosis based en the demonstra- 
tion ef a significarit difference in the 
blood pressure in the (right) arm and the 
legs is so certain that,it is usually un- 
necessary to perform heart catheterisa-* 
uon and/or angiocardiography to obtain 
lurther confirmation. However, if a dif- 
erential diagnosis as to the type of 
coarctation is desired, angiocardiography 
iS required, and the type will then un- 
doubtedly be most clearly visualised by 
a0ortography. In some cases, sufficiently 
definite information may be obtained by 


ineciion of contrast medium into the 
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right side of the circulation; this is 
simpler than a®rtography, at least in 
infants, and offers the advantage that the 
simultaneous heart catheterisation may 
give information of complicating cardiac 
defects. Table 3 shows the diagnostic 
results obtained in the present series by 


angiocardiography with*a view to visua- 


‘“Tisation Of the coarctation and its type. 


It appears, that..imjection..intg a peri- 
gheral vein did not give sufficient con- 
trast density in the aorta for its evalua- 
tion in any of 3 cases. Injection into the 
right atrium was performed in 3 cases, 
all of infantile type, and gave satisfactory 
information, because all three patients 
had a ventricular septal defect with a 
right-to-left shunt, for which reason the 


ascending aorta was visuafised before the 


o . 
contrast medium had passed through the 


_ °° . 7 . 
pulmonary circulation, which results in 
. . ‘oe . . . . 

a dilution of the medium. Injection into 
° ° , 
the pulmonary artery was performed in 
. . . . 
13 cases, giving satisfactory results in 8. 
It Should be noted that in 3 cases the 
examination was performed by means of 
a Ginematograph with a 35,mm film; 
the diagnosis was made only in | case 
. . 2 
‘adult type), bat failed in*2 (1 aduR and 
, e *e ae oe ee 
| infantile type), because the film size 
° . 
used seemed to be too smalf for a definite 
. . . ® . 
evaluation of the fine changes in the® 
a °  -« . 
aorta. The remaining 10 were styidied by 
means of our usual equipmentdor angio- 


cardiography (Schonander); the results 


» were satisfactory in 7, Wut not in 2 cases 


of adult type and in | case of inter- 


mediate type. In the cases in which 


satisfactory visualisation of the aorta 1s 
not obtained by injection of the contrast 
medium into the pulmonary artery, this 


is due tg very slow passage of the medium 
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in 14 and 40%, respectively, in the two 
groups*-a tendency which is also re- 


flected in the present series. 


-e In a classification of the types with a 


view to the technical possibilities of 
operation the following groups may be 
used: (4) operable, (2) usually operable, 
possibly ip connexion with the use of a 
classification is very similar to, that 
originally suggested by Bonnet, with an 
“adult” type (always technically opera- 
ble) and an “‘infantile’ type with an 
elongated hypoplasia of the aortic arch, 
which is nearly always inoperable. How- 
ewer, there is also an intermediate type 
with a shorter or longer, prestendtic 
hypoplastic portion of the aortic arch; 
this type may usually® be resected, but 
may require grafting. As it is the tasR of 
the diagnostician to disclose which of 
these three possibilities is present in a 
given case, this series was analysed on 
the basis of this classification, the types 
| and 2 in figure | being designated as 
“adult type,” the types 4, 5 and 6 as 
“ittantile type” and type 3 as “‘inter- 
mediate type” 

Patent ductus arteriosus was found in 
4 of 6 cases of adult type, in 6 of 7 cases 
of the intermediate type, and in all 7 
cases of infantile type. Ventricular septal 
defect was absent in all 6 of adult type. 
but present in 4 of the 7 of intermediate 
type and in 6 of the 7 of infantile type, 
of which one showed hypoplasia of the 
left ventricle and atrium. . 

The age distribution of the patients 
with the various types of coarctation is 
shown in Table |. It appears that 13 of 
the 20 patients were examined befote 
they were 6 months old. It should be 


graft,. and, (3). scarcely .opexahle....Ichis. -....... 


THERKELSEN AND I, BOESEN @ 


TABLE |. Distribution by age anx type 
of coarctation revealed in the exarning. 
tion of the 20 patients. 


ee 
+ 


Type of COarctation 


Age, No. of Inter- In- 
months cases Adult mediate — fantile 
Q-2 1] 4 b 9 
3-5 2 ? 
- H-13. . me Oe a, .* os O00 Be eee salt a ‘~~ + —— 
Total 20 6 7 7 


noticed that all the patients in the series 
presented symptoms , of insufficiency. 


usually in a pronounced degree. 


CLINICAL AND RADIOGRAPHIC 
APPEARANCE 


In making a clinical diagnosis of 
coarctation of the aorta, the demonstra- 
tion of a blood-pressure difference be- 
tween thee arms and legs i of decisive 

,significance. In practice, this is usually 
done by studyin& whether pulsation of 
the femoral arteries is present or not, 
since absence of pulsation provides strong 

favour of 


circumstantial evidence in 


coarctation. However, it is a well-known 
fact that coarctation may be *present 
even when pulsation of the femoral 
arteries is revealed; this may, for 
example, be the case ih the presence ol 
a patent ductus axteriosus opening 
distally to the stenosis of the aorta. The 
observations as to pulsation of the fe- 
moral arteries in* the present series ap- 
pear from Table 2. It is seen that pulsa- 
tion was absent in all cases of adult type 
(in which 4 stenoses were preductal), 
while alk*7 of infantile type showed pulsa- 
tion; in the intermediate group, pulsa- 


° > -— 
tion was observed in | of 7. 


COARCTATION OF THE AORTA IN INFANTS 31] 
the rignt half of the circulation in as- TABLE 5. Course of disease or result of 
ciation with heart catheterisation does surgical treatment of coarctation of the 
Sf | . an ° 
? — , —— ' aort: () ants. 
jot give definite diagnostic information. aorta in 20 infant 


Ww al 


Thus. whereas palpation of the femo- Type °No, Subjected to Not subjected 


ral pulse and angiocardiography give of of operation to operation 
decisive information as to the presence coarctation cases Died Survived Died 


or absence of aortic coarctation and its 


| aad d pe ee Adult 6 | 3 2 
| type, conventiona radciogt ap ly an Intermediate 7 9 4 | 
=r Oe ee ee oe Ry 00s Rake mk em See eR EET EES Bum RL ew Cg oe Hehenes anew es Ege O55s Oe ase ee Deed 660 66 Oe GO cew 0+ © &S ‘01064 0O0ewmt —— a a om ws 
- electrocardiography are of little value in Infantile 6" 


. differential diagnosis between ope- “ | 
the 5 “Three died after exploratory thoracotomy, 


two after resection of the coarctation. and one 
from Table 4. The radiographic find- after resection of a patent ductus arteriosus. = 
< . ; . 


rable and inoperable types, as appears 


' ings were largely alike in the two groups. 
On the other hand, it may be noted, as assumption of inoperability, but the 
a negative criterion, that the absence of operations were performed because the 
ventricular hypertrophy and of right condition was so critical that the only 
axis deviation weighs against a diagnosis chance of survival was that it would. in 


of aortic coarctation of the inoperable spite of everything, be possible to correct 


1 type. the coarctation. 
The 4 patients who were not subjected 


ay Se ee aes to operation were all under 2 months of 
SURGICAL TREATMENT AND THE 


ate ; ca? ae age, and death occurred on the first or 
COURSE OF DISEASE 


second day in hospital. (One of infantile 
Of the 20 patients in the series, 4 died type’ was considered inoperable; death 
before operation. The remaining |6 were occurred 6 months later.) 
i s 


‘ are — > ‘ acac . . . . 
all subjected to operatior®. In 12 cases, In all cases the indication for operation 


resection of the coarctation with end-to- was pronounced cardiac incompetence. 
end anastomosis was performed (‘Table Consistent, pre-operative digitalis ther- 
)); of these, 5 died postoperatively from apy was not given, mainly because surgical 
cardiac incomp@tence, which had also treatment was considered to offer the 
been present before the operation, mani- only possibility gf relieving the patiexts 
tested, inter alia, by pulmonary hyper- of the severe state of cardiac incompe- 
tension due to failure of the left ven- ¢ tence. , 

fricle. The two patients with the int@r- 


mediate type who died after operation, * 7 | 
PRE-OPERATIVE EVALUATION OF 


had both aeventricular septal defect. 


| Of the non-resected patients, one died in tHE PR ~—— ° 
| relation to diVision of the patent ductus By a comparison of? the course of the 
apteriosus, at which it appeared that the disease and the clinical observations and «+ 
coarctation was technically inoperable’ the results of certain investigations per- 
* Three died after exploratory thoraco- formed in this series (‘Table 6) it is pos- 
tomy, which confirmed the pre-operative sible fairly accuratel¥ to assess the prog- 
° 


i cin ee sige cian Snes ae i ee 
re ee eee ee eee 


° Aortography was performed in 4 requited if a ventricular septal defect 
patients and resulted in definite and with (partial) right-to-left shunt is pre- 
. . . . . . . . . 4 . 
distinct visualisation of the site and ex- sent. Injection into a peripheral vein can- 
° . : ° 
° . . . ‘ 
tent of the coarctation. In recapitulation, not be recommended. Consequently, we 
it may be said that if an attempt is made have adopted*the procedure, if coarcta- 
to obtain the best possible visualisation tion is suspected, that we primarily aim 
of the coarctation by angiocardiography, at injectign into the pulm@nary artery 
with injection of the contrast mediur and employ aortography only if the 
into the right half of the circulation, the angiocardiography with injection into 
: _ ih 
° ° ° oO ° 
; . Ss 
LABLE 4. Relation between type of coarctatjon and radiographic and *electrocardio- 
, graphic fimdings. 
oO 
ete Abbreviations: RAD, right axis deviation; RVH,eright ventricular hypertrophy. 
a — 
Cardio- 
| | thoracic Increased RAD 
ype ol No. of ind®x pulmonary * combined 
coarctation Cases 0.60 vascularity RAD RAD + RVH hypertrophy) 
° 
° ° 
° . 
Adult 6 @ 3 3 2 2 ° 
Intermediate : 7 ° / + & e5 4 
| ° ° 
Adult + inter- ° ° 
e mediate 13 lO @ 7 7 ; 2 
‘oer ‘a - ° 
- eInfantie . 5 4 7 { } 
7 ° 
° + 
° * 
. ' 
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Tasie 3. The reliability of the angiocardiographic diagnosis of coarctation of the 
aorta related to the site of injection of the contrast medium. 


co. 
a ae 


TE 


ns 
Satisfactory visualisation of the coarctation by inje: tion 
°e . of contrast medium into ; 
Lee ii 
° No. of | No.of angio- | Saphenous Right Pulmonary 
Type of patients cardiographic vou atrium artery Aortography 
o "yr * oe : ; ; ; : 
coarctation studied examinations Yes No Yes No Yes No Yes Ne 
° 
2 - ety 
° 
‘. : 7 
Adult ° ° b . : * 7 . b. ee: ee mm oe. ~ ‘ ee 2 woe = : Bows 
Intermediate @ | q | 3 9 2 
Infantile ee n 8 | 3 9 | 
Total 20 23 5 5 8 9 } 
9 ° 


° 
through th® pulmonary circulation cau- 
sed by insufficiency of the left ventpicle 
with “‘backward-failure’’; the systolic 
pressure in the*pulmonary artery in the 
3 ungatisfactory cases was 76, 90) and 
62 mm Hg, respectively; the PVC was 


not measured. 


° 
injection should preferably be given into 
the pulmonary artery; the chances of a 
satisfactory wesult are reduced in the 
presence of insufficiency of the lef 
ventricle with slow pas%age through the 
pulmonary circulation. Injection into 
* the right ventricle gives the information 


es or-se 


oo"? . oe & & ew ee ‘s 


ductus was revealed by catheterisation 
of the ascending aorta through the duc- 
rus. Angiocardiography of the 17 patients 
with patent ductus arteriosus revealed 
this anomaly only in 8, including 2 with 
, left-to-right shunt. As _ previously 
sated, the prognosis is poor in_ the 


presence of a right-to-left shunt; as 


Se ee se*@etecse 


angiocardiography appears to be a reli- 
able diagnostic aid for its démonstration, 
this method of examination is of very 
. , » © 

sreat value also ffom this point of view 
in the study of infants with coarctation 
of the aorta. The explanation *why only 
10 of the 17 cases of patent ductus were 
revealed pre-operatively may partially 
be that the ductus did not function &t 
the timé of the examination. | : 
e\s previously pointed out, ventricular 
septal defect was present in 10 of the 20 
patients; the defects were recognised 
during life in all 10 patients. In 5 of the 
patients, suspicion of the *defect was 
aroused, by auscultation, which revealed 
a systofic*murfnur, at least of grade III, 
at theslower left sternal border. In 7, the 
defect was *revealed* by oxygen analyses 
in relation to heart catheterisation; these 
showed a tliflerence in the oxygen coy- 
tent of the blood from the right atrium 


and from the right ventricle amounting 
° 7 | 


,'0 at least | vole. Amgng the 9 patients 


with ventricular septal defect subjected 
lo angiocardfography, ethis revealed the 
defect in 7; the demonSration was 
baséd toth*on a partial right-to-left 
shunt betwéen the ventricles and on the 
presence of re-circulation of, contrast 
medium to the pulmonary artery from 
the left ventricle. From these observa- 
tions it must be concluded that it is 


° 
possi le with great certainty to recognise 


6 


COARCTATION OF THE AORTA IN INFANTS 
?) 


* 
@ * 


a ventricular septal defect associated 


with coarctation, because® both ausculta- 


tion, heart®catheterisation and angio-’ 


cardiograph? contribute fundamentally 


to the diagnosis. As the prognosis is 
° ° 


markedly aggravated if coarctation of 


the aorta is associated with a ventricular 
septal defect, it is very important to 

s 2°: . ek a a . 
reveal its presence; 9 of the 10 patients 
with septal defects in the present series 
sutcumbed. 


° SUMMARY 


Coarctation of the aorta was diagnosed in 20 
of 266 infants with severe congenital heart disease 
seen in the Queen Louis® Children’s Hospital. 

Thé 20 cases of coarctation may be divided into 
6 types, comprising postductal and preductal 
types and hypoplasia of the aortic arch. With a 
view to%perability*they may be classified in three 
groups, viz. operable, usually operable, and scar- 
cely operable, closely corresponding tg thegclassic 
adult type (types | and 2), an intermediate type 

type 3) and the infantile type (types 4, 5 and 6). 

Of the 20 infants, 13 were under 6 months of 
age, *h@ intermediate type showing a preponde- 
rance duringehe first 6 months of life. 


Absence or presence of pulsation of the femoral 


arteries and angiocardiography with injection of 


ethe contrast medium into the pulfnonary artery 


were the most important diagnostig aids for the 

°. ° ; ’ 
recognition of the type of coarctation. In the 
evaluation of the ogerability, the absence of pulsa- 
tion of the femoral arteries is of great importance. 
Conventi8nal radiography and_ electrocardio- 
graphy gre not of decisive significance in the 
diagnosis. 

RadRal operation with resection of the coarc- 
tation was performed in 12 of the 20 infants: 
4 were of the adult type, 6 of the intgrmediate 
tyne, and 2 of the infantile type. Fatal outcome 
was seen in | case of adult type, in 2 of inter- 
mediate type and in 2 of infantile type. 

*Iehe analysis shows that patients who have 
ventricular hypertrophy, enlarged heart, @ systo- 


lic pressure in the right ventrf&le exceeding 40 
i) . 


oa 


* 


° 
COMPLICATING CARDIAC 
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Taste 6, Relation of the prognosis to a number of symptoms and objective f dings | 
» © jin 20 infants With coarctation of the aorta. 
WS . . aa 
bs . st No. of io No. of 
° cases Deaths * case®@ Deaths 
=» *@e ° 5 - re 
Electrocardiographic findings Radiographic findings 
a 
Extremity leads : Index < 0.60 4 3 
No axis deviation 4 0) Index > 0.60 16 10) 
Right axig deviation 14 1] Normal lung fields i) - | 
L elt, AXJS. de yiatian ett et er oS ae e- neo Bocce ob © + el 1c rease «ley asCularite Ps OSS ee 2 9 oe 2 ; goegee Q . | 
Precordial leads Index < 0.60, normal isl fields 3 
No hypertrophy 3 0 ° ‘ 
Right ventricular hypertrophy 11 4 Systolic pressure in right ventricle 
Combined hypertrophy 5 5 ° 
pa | tet ai 9 9 Below 40 mm He e 4 () 
t Vs—« negative ' ‘ *40 mm Hg or over S 14 1] 
Extremity and precordial leads . 5 
Right axis dev. + right ventri- slain ' ee 
cular hypertr phy Q 6. Appearartte of symptoms of insufficiency 
No axis deviation, no hyper- ° Within first nfonth of life 15 12 
trophy ° 3 U After firse month of life * 3 — % 
. mee ¢ ; : ‘ ° . P 
Clinical findings ° ° 
pa , . oO 
lachypnoea " ._ - 1] ° 
Cyanosis 9 . ss 
Poor w®ight gains 14 10 
Enlarged liver (>1.5 cm below * ° ° 
cgstal maPein q 7 
‘> Po } a / e m e . 
° % 
o °*. _ " 


nosis. normal 


As might, bé& expected, 
electrocardiogram, normal radiographic ¢ 
findings and a normal systolicepressure 
in the right ventricle give the best out- 
look, whereas patients with ventric ular” 
hypertrophy, enlarged heart, pulmonary 


congestion, en: 


es 

tachyphoea, « cyanosis, 

larged liver and a systolf pressure in the 

right ventricle of at feast 40 mm Hg in 
oO — “eo 

whom the symptoms of insuffieiency be- 

come manifest shortly after birth have 


‘the poorest prognosis. 
° ° 


DISEASE 


oe 
As alread¥ mentioned, patent ductus 


arterigus was present in 17 of the® 20 
patients. It is insignificant for the surgeon 
know befprehand if the ductus per- 


sists, and it is presumably also without 
° 


prognostic importance whether or not® 
this anomaly is associated with @ left-to- 
* right ‘shaint. On the other hand, it ts of 
re pre- 


2 ; | 
operatively *if a patent ductus is as 
oO 


crucial’ importance ascertain 
. . . eo 
sociated with a right-to-left shunt, as 
this means a considerable aggravatign ol 
* the progno8is and oftea, if not ealways. 
presents a contra-indication to G@osure 
of the isolat@®d 
A, right-to-left. shunt through 


a patent,ductus arteriosus or through de 


ductus as an surgical 


° 
measure, 


ventricular septal defect was demon- 

oO . . . ; 
strated pre-Operatively in 6 of the pa 
all 


e dentally, 


these died. Inc 


ohly LO 17 


tients: patients 


. ° . 
of the cases Ol 


of the ductus arteriosus were 
Only 


° . 
| case was a typical continuous murmu! 


- patency 


demonstrated pre-operatively. 


audible. In 3 cases the patency of the 
i) 


‘ eo) 


du 
of | 
tus 
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‘ Coarctation of the abdominal aorta isa = exertion and excitement. Associated 
| ° + . ) . 
rarely diagnosed condition, only 25 complaints consisted of paresthesias of 
, , . ° 
-* cases having been ré€ported in the lite- the fingers, frequent nervo@sness and 
° ~ : ge ; 
rature up to february 1958 (Depraz, inability to keep up with schoolwork. 
1953; Gerbasi, Kibler & Margileth, There were no symptoms of claudica- 
1958: Guastarino & Becu, 1956; Martin tion in the legs. Rengainder of the past , 
ies oe £ | | ° 
& Yount. 1956; Tawan Sarawongse history, family history and review of e 
: = on . ‘ . ; . ° 
Gunnag, 1957). In nine of thgse in which symptoms were non-c@ntributory. E&a- ° 
the diagnosis was made during life, mination at that, time revealed blootl ° 
° 
suggery was attempted, but only three pressure to be 175/100 in the arms, vital 
results have been reparted as successful signs otherwise normal. A weak systolic 
; iad — 
Gerbasi, Kibler. & Margileth, 1958). murmur was heard over the apex of 
O° 
In two cases in which the origin of the the heart. The lungs were clear. Femoral ® 
cellac axis and renal arteries was from pulses were,not palpable and a diagnosis 
. ° ; ° ; 
the coarcted segment, a by-pass homo- se of aortic coarctation was entertained. 
P > 
gralt was used. ° r The patient was admitted tq the hosjy- 
o . 
* The present report is concerned with tal one*week later forcomplete investiga- ° 


a case of abdominal aortic coarctation tion. At that time her body build was seen 


involving the celiac axis and renal arte- 
ries,* and describes a newe surgical app- 
ue 


roach whichgwas employed successfully, 


e > 
° ° 
CASE REPORT 
"« 
el. W., ae 12-year-old white female, 
was seen in the Pediatric Outpatient 
Clinic with a 2-year history of headache 


lizziness associated with physical 


to be normal for her age. Weight 83 Ibs. 
height 59 inches. Secondary se ex C i irac- 
teristics nad not yet appeared. ecale au 


lait spots ‘were noticed over the anterior 


,and posterior aspects of the torse. Blogd, 


200/130 in the 
the femoral ' pulses” were | 


Blood the 


femoral pulses were not palpable. Blood 
oO 


arms. and 


pressure was 

re) 
palpable. 
pressure at and 


the arms. 
° 


pressure at the legs taken by the flush 
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Nad 
mm Hg and symptoms of insufficiency from birth 
have the poorest prognosis. 
~ . . _ 
Patent ductus arteriosus was prgsent in 85% 
and ventricular septal defect in 50% of the pa- 


tients. These complicating cardiac conditions 


e © . ° 
aggravate the prognosis; death occurred in 9 graphy. Brit. Heart Journ., 18: 355-64." 19%) 
of the 10 patients, with ventricular septal defect Bonner."L. M.: Sur la lésion dite sténo® congén 
, ' : , ° 4 
‘ ‘ ~¢ . . , ’ . tor ‘ ae °o ** 
* . 4 
able to a patent ductus arteriosus or to a ventri- méd., Paris, 23: 481, 1903. ¢ 
: . A 
cular septal defect. Kerrn, J. D., Rowe, R. D. & ViLap, P.: Hear 
, * Disease Pn Infancy and Childhood. The Mar. 
: ; : ; a 
millan Company, New York, 1958. 
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COARCTATION OF 


A 


Fic. 2. Coarctation of the abdominal 


aorta. A. 


THE ABDOMINAL 


e aorta affects the segment from which the celiac. 


hiatus aorficus and continuing below the 
The length of 
athe 


. °o 
diaphragm was revealed. 


°. 
the constriction® was 6 cm. most 
° 


° 
stenotic portion ‘of the’ affec ted segment 


had a calibs e of 4 to 5 mm and a length 
of 4 
the superior mesenteric artery and the 

: ° 
renal arteries took off from this hi#hly 


stenotic 


cm. Phe celiac a@tery as well 


portion. ‘Phe left renal artery 


was narrow, measuring about 4 mm in 


width. The righ? renal artery was slightly 


' —_ .e 
wider, lhe diameter of the a®rta below 


* 
the constriction was 13 mm. There was 


° 
#10 pre- or pos&tenotic dilatation of the 


aorta. Tortuous and dilated intercostd, 


lumbar and epigastric arteries were 
2) ‘ re) 


invo ved in the collateral circulation. 
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frontal view. 


AORTA 


B 
B. lateral view: 
superior mesenteric and repal arteries emerge. 
° 


° 
Laboratory data 


All 


): 


‘see ‘Table 


° 
examinations were within normal limits e 


with the exceptjon of a enarked hyper- 


cholest@rolemia. Deter minations carried 


out on the patien®s” parents revealed 
values 6f0528 emg % in the mother and 
361 mg % in the father. 

The combined results of the physical, 
reliological and laborator y examinations 
thus established the diagnosis of coarcta- 
tion of the abdominal aoxta. Because of 
rapid progress of the patients symptoms 
some form of corrective surgery seemed 
urgent. The operation was done 3 months 


after the initial study. 


theeconstriction of the - 


ee ee 
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Fic. 1. Phonocardiogram over the epigastrium. 


postoperative: absence of any murmur. ‘ 


, 
method was ca. 125 mm Hg syStolic. 
The cardiac apical beat was ‘somewhat 
heaving in character in the Sth left [CS 
in the midclavicular line. A slight syStolic 
murmur of Grade II-III was again hearce 
oyer the entire precordjum® with a 
maximum in the 3rd left ICS. The 2nd 
sound over the 5nd right ICS was split 
with acfentuation of the Ist component. 
Palpable intercostal artery pylsations 
wgre detected over the back bilaterally 
and in these same regions’a continuous 
murmur was heard. There was no cya- 
° * nosis, clubbing or edema. Palpation of * 
the mid-epigastric region revealed a 
continuous thrill jn the midline. Auscul- 
*tation over this region demonstrated the 
presence of a continuous murmur of 
Grade IV. “y he abdgminal aortaewag not 
palpablé below the level of the umbilicus. 
“Examination®of the abdomen was other- 


wise ne®ative, the liver being non- 


%. 
palpable. ° ° 
The pr®liminary Ainical diagnosis at 
Se 
this point was coarctation of the ab-” 


: © 
dominal aorta. 


Llectrocardiogram: Electrical axis 

25. Signs of mild left ventricular 
hype®®ophy with SB s@gment depres- 
sions in Leads V,-\V,. 


ewith a maximum of 120—100 mm. while 


° 
those in the legs were small and showed 


B 


preoperative: typical continuous murmur, 8% 


Phonocardiogram: confirmed the eli- 
nical firtdings (see Fig. | A). 

Oscillography: Preoperatively oscilla- 
tigns in the arms were large and free 


a maximum of 100-80mm. ° e 
Exercise test performed on the bicycle 
9 . 
ergometer shoWed that the patient hada 
reduced woyking capaaty for her age 
(300 kgm/min.). The blood pressure in 
the arms during this test increased from 
J85A35 to 205/ 165 mm He. ° . 
Radiological examjnation of the chest: 
The configuration of the heart “was nor- 
mal. No abnormality of tlfe mediasfinum 
r of the great® v&sels was foifd. The | 
‘tes volume, related to the surface area 
of the body, was 400 cc, indicating 4 
moderate enlargement of the ® heart. 
The vascularity @f the lungs wa normal. 
Small notching of the ninth rib was noted 
on the left and the right side®, 
o Angfgcardiography: Figs. 2A and B. 
Following heart catheterization, which 
revealed normal findings for the right 
side of the heart, 42 ml of a 70 % sglution 


of Urokon was injected into the pul 


monary artery via the catheter. A con- 


striction of the aorta at the level of the 
oO 


COARCTATION OF THE 


>wo weeks following surgery. T'wo months 
later she was re-admitted to the hospital 
for follow-up studies. She*had remained 
entirely symptom-free during the inter- 
val at home except for slight abdominal 
pain associated with rapid walking. 
Headaches, dizziness and _ paresthesias 
had disappeared. 

Examination revealed blood pressure 
in the arms to be 135/100 and in the légs 
170/110 mm Hg by auscultation. Inter- 
costal pulsations were no longer felt. A 
very weak systolic murmur, Grade I-I] 
remained over the entire precardium. 

The continuous ¢hrill and murmuf 
over the epigastrium had disappeared, 
and tte abdominal aorta was now palpe 
able. ° 

Electrocardiograan: “unch&nged from 
the preoperative recording. 

Phonocardiogram; confinmed absence 
of any murmur over the abdomen {see 
Fig. 1B). , 


: ° , 
Oscillography showed lower-ampli- 
tude oscillations in the arms than pre- 
operatively and markedly increased 
oscillations in the legs. ‘Lhe entgre exa- 
' oO 
mination was,now,interpreted as being 
° 


normal. ° ae 


, Radiological examination of the chest: 
The'r@ative heart volume was estimated 
to 300 ml. The redugtion in relative 
heart size since the gime of oper&tive 
intervention was 100 ml. 

Retrograde aortography: Fig. 3. A 
polyethylene catheter so. 205 was intro- 
duced into the femoral artery according 
to the Seldinger technique (Seldingef, 
19%). The Jip of the catheter was inser- 
ted into the middle part of the thoracic 
aorta. 28 ml of a 60% solyutien of Reno- 
Stal 
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Fic. 3. Appearance of the aorta after relief? of 


the obstruction. Slight deformity of the vessel 
with a bulging left lateral aspect at the site of 
® surgical correction. Increased width of the re- 


nal arteries. L&Amin®&hed tortuosity and size of 


the collaterals. ° 
° 
° 


o . . . . . 
aorta ‘was depicted in serial frames in 
the frontal an@ lateral projections. ‘There 


was no longer any hindrance to passage 


iff the previously constricted segment. 
The aorta was sfehtly deformed at this 
: } 


level As was revealed by a modgrateulge 


of its left aspect as well as a slight remai- 


ning flattening of the wall along its 


sagittal axis. [The corresponding dia-¢ 


meters were 18 and 10 mm respectively. 
‘The renal arteries had increased in width 


and measured 5 to 6 mm in diameter. 


ss ar ee 
n was injected and the abdominal’ [here was a marked regression in calibre 


ri 
i 
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TABLE | 


° Bostoperative, 
Preoperative 2 months 


a 


% 13.1 13.0 
3.600 4.200 
16 fom e 5 mm 
Normal °® Normal 


Examination 


Hb. g 
WBC 
S.R. 
Urinalysis 
Creatinine clea- 
rance 141 ml/min/1.73 m? 136 ml/min 
11.73 m?* 
560 ml/min/1.73 m? 488 ml/min 
11.73 m? 


PAH clearance 


128 ml/min/1.73 m? 
Sp. gr. 1.004—1.035 @Sp. gr. 
1.004-1.035 


Inulinclearancc 

Water-fading 

Exercise toler- 
ance 

Heart volume 

Total serum 
cholesterol 


200 kg/min 
300 cc/m?* 
e° 


200 kg/min 
400 cc /m?* 
© 


389-449 meg "> 
ester 236 mg % 
@ elrce 213 mg % ° 
Bilirubin 0.2 mg % 
Thymol turbid- : 
ity test 
Total serum 
protein 


358 meg “o 


2? 
2.8 units ° 

° So «en 7.9 oy Alb. 62. 8 ~~ ° 

Globulin ay a. 

(Ly 99 

B 6./ 

° ° oO Y 16.7 i) 

PBL 5.5 % 


Wasserman Neg. ° . 


SURGICAL CORRECTION 
° 


Longitudinal aortotomy and insertion 


ftterial 


of a homologous frozen dried 


graft under hypothermia. External cool-, 


dng by PRexsson—Jack Adams Ray—Healje- 
st®and*coqihg 


Thoracoabdominal incision at fC S 


apparatus. ow 


The aorta was stenosed for a length of 


6 cm, frome2 chi above the diaphragm 
The the 


mese aie ric 


to 3 cm below. celiac 


artery, 


cs aphaed and both "renal 


Pease int Cosa adventitial t tissue, 


Ng ‘a 


wi@raecewall was fibrous and hard. 


, Lhe 


eo. ® 


* 8 . r 
the coarctation. 


° 
fSabout 4-5 nym to ahout 20 mm. 
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#) 
tissue was dissected away and by inean 


of this dissection the arteries were cop. 


siderably widened. The left renal artery 


and the Tight 
about 5 mm in diameter at the - Origin 


was 3 mm in diameter 
befere the dissection. After the adventitia! 
tissue had been cleaned away their dia. 
and 7-8 tim 


of interverte. 


meter increased to 5—6 


respectively. ‘wo pairs 


bral arteries were dissected and tied a;° 


‘wo pairs of interverte. 
bral arteries above and below the coarc. 
tation were dissected and occluded by 
mearts ofeslin® ligatures. ‘The aorta wag 
clamped above and below the coarcta- 
tion. The celiac, superior mesenteric. 
and both renal arteries were occluded by 
sling ligatures. The aorta was longitudi- 


nally incised over the coarctation and 
further up and down until it was of norma! 
width. An 8 cm long homologous aortic 
graft with a diameter about one third 
larger than tlfat of the patient's aorta 
above the coarctation was split leygth- 
wise "whereupon, the graft was pointed 
at the ends. Theegraft was then sutured 
into the longitudinale incisfn in_ the 
patient’s aort& with a single row of over 
and over sifture. In this way the coarcta- 
tion was widened from a diameter ol 
When 
the 


the 


arteries leaving 


circulation was re-established 


° 
the area of coarcation 
| ° 
seerged eto have normal, width even at 
° ° 
their origin from the aorta. Re-warming 
of tke patient was begun during suture 
of the thoracoabdominal wound. 
. i) 


° a | - > 


. * . * © 
Py - eee -s : 


° °.BE TL OSAe LP. Bek HNATT( yNS 
‘The 


was uneventful and: she: Fetuveried | lrome 


patient’s postoperative: ‘course 


'e = 
* - 


. ra a ae. 3° : e , . ‘~«s °e 


la 


a 


_ 
shed data). 


COARCTATION OF THE 


‘. 

In those cases presenting involvement 
of the renal arteries a preoperative 
evaluation of renal function is also to be 
advised. The results of these investiga- 


tions nfay well have a bearing on the 
type of surgical repair attempted. 


The question has heen 


previously 
discussed by many authors whether the 
hypertension of aortic coarctation is 
partially due to generalized arteriolar 
constriction as in essential hypertension. 
Renal function studies in the present case 
by means of inulin and PAH clearancg¢s 
produced nor mal filtration fraction figu- 
res. This is therefore in agreement with 
the opinion of others (Culbertson, Eck- 
Kirkendall & Bedell, 1957; Ikkos, 
& Zetéerqvist, 1959) 
propose that the mechanical factor is the 
of the 


stein. 


Wallgren who 


most important in the genesis 


hypertension found above the coarcta- 
AY 


. o 
tion. ° 
eo 

In general the operative procedure 
used in the presen{ patient appears to be 
relatively simple teghnically, and from a 
functional standpoint produces an end- 
result which most nearly approximates 
normal conditions. As the graft was made 
30%, wider patient's 


aorta above the coarctatigh there*will 


about than the 


be no relative stenosis during the pa- 
tient’s further grgwth. Grafts sutured into 
the arterie& Seby this technique seem to be 
as well tolerated, e.g. in the coronaries, 
as regular grafts (A® Senning, unpubli- 
Of pethaps greatest impor- 
tance is the fact that this type o& proce- 
dure dirétt“inereases klood flow to the 
renal arteries and celiac axis by relieving 
the vascular 


obstruction by dissecting 
oO 


away constricting fibrous tissue strangu- 


lating the arteries at the same time obvia- 
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° 
. + . ° 
ting any undue manipulation of these 


Other attractive features of ths 


9 . 
procedure include a short period of 


vessels. 


occlusion of the celiac and renal arteries 
during hypothermia, thus providing a 
margin of safety ag&inst the injurious 
effects of anoxia on hepatic and renal 
function. 

From the clinical viewpoint the ope- 
rative results have also been successful. 
Follow-up at 9 months postoperatively 
reveals complete disappearance of symp- 
toms, marked decrease of blood pressure, 


normalisation of the ECG, and signifi- 


cant decrease of cardiac volume and 
collateral circulation on_ radiological 

. . O Cc 
examination. 


Consideration of the possible etiology 
of coarétation of the abdominal aorta in 
the present case leads us to believe that 


ixa- 


it is & congenital malformation. 


. . °o 
,mination of the coarcted area at the 


time gf operation did not reveal any 


; ; e. ; 
evidence of a localized arteriosclerotic 


. oe rr 
or inflammatory process. ‘The hypercho- 
any 
lesterolemia 


exhibited by the pagent 


seems certainly to be a familial condition 
< \ 


judging by the parents’ high blood chole- 


sterol values. ° ° 


SUMMARY 


A case of coarctation of the’abdominal aorta 


involving the vessels of the celiac axis and®*the 
renal arteries in a 12-year-old girl is presented. 
The value of careful physical examination and 


localization of the malformation 
° @e ° 


7 - y ld . . 
aortographi 


preoperatively is stressed. . 


, get ° | 
A new, surgical repair with successful result ise 


described. oe .° etiticke’ 
° 
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oO 
and tortuosity of the intercostal and 
lumbar afteries. A normal nephrographic 
effect was displayed on both sides. 

The results of the postoperative exa- 
minations are shown (together with the 

7 . . ° r , -~ 
preoperative ones) in Table |. Clearance 

‘ a 
studies showed unchanged valués when 
8 

compared with the preoperative ones. 
{éxcretory urography, which was per- 
forméd in direct connection to the aorto- 
graphy showed normal dye concentra- 
tion as well as s ngrinal renal and ureteral 
struetures. The ‘patient was readmitted 

° o ° 
9 months after the operation. She was 

° . . . 

symptom-free, The clinical as well as 


the other laboratory 


findings 
O° 
ynchanged, intra-arterial pressure fsom 


were 
the brachial and femoral artery showed 
142/89, and 142/96 mm Hg respectively. 
The ECG was normalized. « 
° 4 ° 
: DISCUSSION 

* Since the pioneering wotk of CfAfoord, 
the problem of an accurate and timely 
diagnosis of coarctation of the aorta has 
become of great interest fot only from a 
theoretical, but also fyom & practical 


. ° . . ; ° 
point of view. Experience teaches that 
° 


a Glelayed diagnosis carries a less favorable, 
oc «s ’ 


prognosis, primarily with regard to the 
age of *optimum operability and irre- 
versible changes in arteries as a gonse- 
quence of prolonged hy gertenenn. Thus, 


early and correct diagnosig be@omes not 


only® Gesirable but necessary to bring 
tle patient to the operating ¢able with 
the best possible chances for @ complete 


. o 
cure. In ¢his regard the case presented 


here exhibited @uch rapid progression Of 


thé subjective sympfoms that operative 


P ° ° . . 5 
intervention was imdicated much earlier 
° 


& . o 
then-hacscen-airtrerp ater 
°° °¢@ 


3 oO 
The general diagnostic unawarene. 
associated with coarctation of the abdo. 
. . > . 
minal a@rta is well emphasized in thp 
. . . » = 
previous descriptions of this abnorma. 
lity. Although by far the vast majorit, 
of coarctations will be found in the usya! 
high, thoracic 


position, unnecessar 


risk to the patient and superfluous opera. 


tive procedures can be avoided in cases 


> 


. ae | 
of abdominal coarctations ley 


careful 
palpation and auscultation of the abdo. 
men as well assthe use of aortoSraphy 
preoperatively in suspected cases. 

An unusual location of the constriction 
should be suspectéd, when in the presence 


of unequivocal clinical signs of coarcta- 


; ° ° 
tion of the aorta, the typical vascular 


deformity of the upper part of the media. 
stinum js lacking in conventional roent- 
genological examination of the clgst. 
The value of demonstrating preopera- 
tively the exact location of the coarcta- 
tion by contrast radiogr aphy cannot be 
overemphasized. The complicating ana- 
tomical relationships, of the particular 


case are then known and antelligent 


° . . . 
planning of the entire operative proce-® 


dure can*be accompfished. 

Operative dr preoperative angiography 
has been employed in 11 cages of abdo- 
minal or thoraco-abdominal coaré@tation 
of the aorta (Depfraz, 1953; GePbasi, 
Kibler .& Margileth, 1958; Guastarino 
& Becu, 1956; Martin & Yount, 199%: 


Tawan Sarawongse Bunnag, 1957). In 


our case the postoperative anatomy % 


° 
the aorta was demonstrated by aorto- 
graphy as welle This disclosed complet 
abolition of the constriction, an inc rease 


in calibre of the renal arterie$ and ana- 


tomic regression of earlier collateral 
‘WESSEIS. ere are Bee 
oO ° 
© 
i) 7 


*. 
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. 
° 
“ 5 ° ° e 
-° . . . 
Congenital HypOdplasia of the Right Pulmonary Artery ' 
° 
o Le] 
tl ° ° * e 
| ‘ Assocjated with Myomatosis of the Lung 
vo ° ° 
** 
°o 
) ° . . . % _- 
U ° . a . y . + . ° _ . © 
Harry Herzenserc, Ute Rupue and Bydrn I. IveMARK e 
Or o ; ° 
at o e °o o 
ly @ 
4 
° 
o° 
| ° 
° s > ‘ . : “* . : : © ’ ; 
Absence Or hypoplasia of a main bganc he @nd height for his age. No cyanosis or dyspnea 
‘AC *c eg” eT + . ‘Ac . : . — ore 
of the pulmopary arterv hgs Been was pre = nt. Lhe re _— ( lubbing of the hinge rs 
° 
. and no liver enlargement. He had & slight cough. 
diagnosed in a rapidly increasMg number Be og ‘ 5 
ae a ae lhe femoral arteries were palpable. Blood pres- - 
of cases since Madofl, Gagnsler & Strie- « ) ° ys 
A Ys sure in the arms was 115/65. Heart rhythm was 
der’s report in 1952. About 60 cases hav ©. « regular and no significant murmurs Were heard , 
been recorded in the literature, Ap» or recorded. THe second sound was abnormally 
. 
proximately I) having been examined split. Its components were not accentuated. The ‘ 
movement of the fight hemithorax was dimi- 
by angiocardiography. Heart catheteriza- | ; nu 
7 ; j nished, the breath sounds were faint and there 
tion and pulmonary function studies | ° | 
; were crepitant rales heard over the right Side. 
have been performed in about 17 cases. e Bronchospirometry: ‘The minute volume of yen- 
roa . ‘ ‘ 
I his report concerns an 1] }-year-old tilatiton was 74% of the total in the left lung and ° 
. . . . jc ° sh 
boy with atresia of the right pulmonary 26% in the*rfght lung. The oxygen consumption = * 
° ’ ’ , ’ 
eins shall was 100% in the left lung. No oxygen uptake 
, [© arteyy associated with myomatosis and S ; be 
° . could be demonstrated in the right lung. 
- . ‘ “a ° P _< > . ad 
vascular abnormalaies of the right lung. 6 ee | ? 
° ° : a klectrocarfogram showed incomplete — right ° 
co 
: ° bundle branch block. ‘There were no signs of 
< rs 
° hypertrophy. ° 
“4 "CASE REP( RT” Physyal exercise test, performed on a. bicycle 
; . ergometer, showed a working capacity of 300 . 
An 1 4-Sear-@d boy was admitted to the kgm/minute when in the “steady state” and with 
- of hildreg s Cliniceat ‘Karolinska Sjukhuset because a heart rate Sf 170. The capacity was sognewhat 
of repeated episod& of yneumonitise Singe the low for the patient’s age. The ventilation was 
age ol one year he had bees treated in different approximately normal during rest and also during 
hospitals for 15-20 bouts of bronchopneusmonia exercise. During the maximum working load an 
' . . . . . ° 
located in tke right lung. Bronchoscopy and bron- increase occurred in the respiratory frequency 
i 5 ri ) | } 
chogrgphy performed at the age of 6 years re- but not in the ventilation volume. 
vealed no abnormality. He never displayed any Electrocardiogram during work revealed SJ and ° 
° : Pa 
“yanosis and he experienced no dyspnea during® [’ changes and ventricular extrasystoles. 
. the intervals free from inféttion. No hemoptyses Roentgenology: Ro@ntgenographic examination 
had . _ a. 
° Nad been noted. - of the chest (Fig. 1) revealed a moderate under- ee 
) oe ar - “ee 
rh ical examination revealed a fairly pale development of the right hemithorax and an 
os Bg ge para we . To Mh Bee = Sen.as Bi MB F = >. © : << ae 3 a ee o3 “Sr SSeS tos we ee oe PIS ® - . Bete 
on boy in the lower normal limit of weight eativalent distension of the Tat Tang. there was 
° u ; 
° 
\°) 
° 


°°. 
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° 
dic. 4.°Slght dilatation of the left pulmonary 


veins is found. The left atrium. {eft ventricle. 
° and the aorta have the normal size and width. 
The heart ts di®placed to the right. 


° 
° 

° e 

e Fic. 2. The bronchogram of the right lug has a 4 ° 


} 
normal appearance. ° ° ° ° 


- : 
bles hes * Meg 5 ae oe. elo ee | 23 t @ 8 sc s@-esen? - ' 0° GRP Ge Suet - . © . . . 
Fic; (he pulmonary arteriaftree is outlined by contrast medium injected into the pulmonary artery® 
@—tunk. Uhe right. palmonary,.artery is shart.and naxrow_and forms a blind pouch. The left pulmonary 
nd its branches are widened. ° 
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ekic. 1. The right ‘he mithorax is smaller than the left, the mediastinum and the heart are shifted to the ¢ 
right. The left lung is distended. No pulmonary artery branc hes are seen in the right lung. The vascular 
markings consist of a network of small arterial collateral vessels. There is no true mediastinal herniation. 


° 
° - ° ° e : ° 
- ° ° 
° oo 
y displacement of the mediastinum and the heart Heart catheterization was performed under local 
‘ toward the right but no true he ‘rniatign of the anesthesia from the right saphenous vein. Tif 
® lung was present. The left pulmonary arte ry and Pressures in the right ventricle and in the gnain 
¢ its branches wére Widened indicating an incre ase de stem of the pulmogary artery were 34/3 (m=13 
: bleod dlow. In the right lung there was marke dly and 33/10 (m= 21) mm Hg respectively. The right 
decreased vascularity and no tight main branch atrial mean pressure was 4 mm. Hg. The left 
couRl be identified. Numerous small, gitre gular pulmonary arte ry was,easily entered with the 
° Piss \@Ssels forming a lac y mesh-work RBighly sutheee ste catheter. As expecte “d Re catheter could not be 
of a collate val circulation were @een ® extend g inserted into the right lung. The mean pressure 
e i throughout the lung. [he vesselsevere ‘pagtit ularly in the pulmonary wedge position was 7 mm Hg 
a richly developed in the inféro-medial parts. The and the oxygen saturat@n there was 100%. 
ff ¢ outline of the he ‘midiaphragm was irregular at Systemic arterial saturation measured _ alter 
a these sites. It was felt that the general density of puncture of the femoral artery was 97%. No 
° Bs the lung “was more marked than could be attri- shunt was detected. ° 
° buted to its redgc@d size and to the extensive net- * “Angiocardiography: ‘This was performed selecti- 
° e work of the collaterals. No confluent areas of vely by injecting 25 cc ofa 70 °% solution of Sodium 
, * consolidatiqn were, however, noted. The lung e acetrizoate (Rhébpak, Astra, Sweden) into the 
= was surrounded by a slightly thickened pleura. » main stem of the pulmonary artery via a catheter 
° @\ review of earlier films revealed that this was introduced from¢the saphenous vein. The pul- 
2 a the remnant of g@ pleurisy contracted six years monayy argry was of normal size but the right 
: _e earlier. The heart was of the normal size and main branch Was narrow and short and was oul 
Shape. It was moderately shifted to the right, lined only in its first 2 cm, where it was seen © | 
Ra8 _Bronchosrabhy, nerformesi_on.the. -wgh t—si de---— be “se rerety ste rosetta nd ee rete maroon = 4 = 
. Fig. 2) did not disclose anything abnormal. The atresia (Fig. 3). The pulmonary veins (Fig. 4), 
branching of the bronchi was normal. which entered the left atrium, were awell filled 
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0 


Fi. 6. Irregular strands of smooth muscle tra- 
versing the atelectatic parenchyma. No obvious 
relationship to bronchi. Phosphotungstic acid 
hematoxylin. »~ 106. 


found near pulmonary or bronchial 
arteries. Occasionally, the interstitial 
muscle fibres were continuous with the 
media. Very occasionally, smooth muscle 
fibres were seen in the alveolar walls. 
Areas of alveolar dysplasia consisted of 
eToups of alveoli lined with high cuboidal 
epithelium and composed of thick mesen- 
chymal tissue. In addition slight inter- 
stittal fibrosis was found associatedewith 


a moderate infiltration of lygnphocytes 


Qo 
° °o 
9° 
iG, subpleural network of , 
‘Aree vessels probably re- 5 Se Rees | ) 


pI nting collaterals. Note 


thick media. PTAH. ~ 40. 


Fic. 8 Medium-sized branches of pulmonary 
artery showing medial thickening and abund- 
ance of smooth muscle in the serosal layer 
center of picture). PTAH. © 100. 


in the vicinity of bronchi. The bronchial 
epithelium was intact. No cysts and no 


areas of emphysema were present. 


DISCUSSION 


Absence of a pulmonary artery as 
an isolated abnormality most often in- 
volves the right artery (Emanuel & Pat- 
tinson, 1956; Schneiderman, ]958; El- 
der, Brofman, Kohn & Charms, 1958; 
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Fic. 5. Filling of numerous small collaterals takes 
° place at the time of vanishing opacification of 
the aorta. 


and slightly enlarged in the left lung. No pulmo- 
nary veins were demonstrable in the right lung, 
‘ neither at #ius period nor at the time of opacifica- 
tion of the aorta or subsequently. The left atrium, 

left ventricle and the thoracic aorta were of normal 

- appearance. In the period following maximal 

© e filling of the aorta th re was a general increase in 
density over the right lung, apparently due to the 
filling of numerous small colPatergls (Fig. 5). 
‘These were seen to extend into the thickened pleu- 
ral space. The right mammary artery as well as 
the phrenic artery on the same side were slightly 
tortuous and wider than their mates. It was felt 
that branches of the phrenic artery were contri- 
buting to the vascul&rization of the basal portion 
of the lung. No abnormal vessel was seen to arise 


from thg ascending aorta. 


7° The aforementioned examinations had 


thus shown with 


hypoplasia severe 
stenosis of the right pulmonary artery 
with a diminished ventilation,and no 
oxygen uptake from the right lung: The 


working test, showing normal ventilation 


“vuiles” dining rest and work indicated 


that the left lung compensated ade- 
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‘recurrent bronchopneumonia 


fibres of the areas_of myomatosis 


AND B. Il. IVEMARK 


quately for the absent function of th 
right pulmonary parenchyma. 

Syuace the right lung was the seat | 
and did | 
not contribute to oxygen uptake, a right. | 


. ~ | 
sided pneumonectomy was _ performed. 


During the operation several pleura) | 


adhesions were noted; these were highh 
vascular and bled profusely. There were 

. @ ‘ 
many dilated ‘and tortuous bronchia! 
the region of the 


arteries in main 


bronchus. A thin, almost obliterates 
pulmonary artery was ligated and cut. 
The postoperative course was uneventful. 

Pathology. The lung was received fixed 
in formalin. It measured 11 by 8 by 3 cm 
in its greatest dimensions. It appeared 
atelectatic and was covered by ae2—4 mm 
thick fibrous pleura. No definite branches 


ofthe pulmonary artery were identified 


in the hilum. The specimen was firm and | 


without crepitations. On_ section the 
colour was grayish white and _ no «air 
emerged on pressure. The bronchi wée 
grossly normal and tlfree lobes were pre- 
sent. : 

Histologic ¢xamination désclosed ate- 
lectasis, abnormal pulmonary and bron- 
chial arteries, areas of alveolar dysplasia, 
interstitial foci of smooth muscle proli- 
feration (Fig. 6), and a prominent sub- 
pleural wascular system interpreted as 
All _ these 


featyres, except the myomatosis, have 


being collaterals (Fig. 7). 
been destribed in prevfobus reports. The 
pulmonary arterie® showed a_ thick 
media, subintimal thickening and _nat- 
(Fig. 8). The 


arteries had thick walls with irregulat 


row lumens bronchial 
medial hypertrophy. The smooth muscle 
| were 


ften 


riot adjacent to kronchi but were 


| 


~ 


im. right itricle is directed to only one 
ind} jung. Results of heart catheterization 
ion} have shown normal or slightly increased 
ive} pulmonary artery * pressures. Only in- 
a. frequently has pulmonary hypertension 
liv! been observed (Anderson et al.). The 
ith} ability of the lung to accommodate to 
im an additional increase in blood flow (for 
‘ne | instance at exercise) is, however, limited 
st-| and may dead to an exaggerated rise in 
the | the pulmonary artery pressures on exer- 
tion (Elder, Brofjnan, Kohn & Charms, 
4a ee aan " 
Ip- Bronchospirometry performed in our 
ib- caseedisclosed that the right lung was 
In- responsible for 26 % of the total ventila- 
at-| tion. As no oxygen uptake occurred,¢the 
to ventilatiag of the affected lung did not 
he | serve any apparent functional purpose. 
se. The r&ponse to exercise was an increase 
vas in respiratery irgquency but no increase 
& in total ventilation occurred. The dé 
‘in ficiency of ventilation had many causes. 
he f Lhe atelectasis, the fibrosis and myo- 
pe | matosis, as well as the @€mphysema of the 
ra- comralateral lung are of significance. 
@ The roentgenographic features which 
rr have been described as typical of the 
ve lg isolated absence” of a main branch of 
a\ the pulmonary artery, were present in 
se our case and made x# possible to establish 
‘a- a presumptive diagnosis mesely on the 
ise basis of the roentgen .examination. The : 
o- | “essential findings were: some reduction 
in in the volume of the affected lung with a 
& consequent shift of the heart and media- 
ri- | « Stinum towafds it, an overdistension of 
a thé contralateral lung and a ®charac- 
X- teristic vascular pattern, suggestive of a 
collateral apterial supply.to.the.abnermal. . 
nt | * lung. Similar features may be observed 
he } In cases With a markedly stenosed but 


HYPOPLASIA OF PULMONARY ARTERY AND MYOMATOSIS OF THE LUNG 


Ee . & 
circulation to the lung. 


<vVer, 


a 


39% 


patent branch of the pulmonary artery 
(Maier, 1954;"Elder et al.). 


graphy provides 


Angiocardio- 
means of 
Ma- 
OO 
Wy- 


the best 
diagnosis (cf. e.g. Steinberg ‘eteal.: 
& Strieder; Maier: 


Siebens & Williams;:, 


doff, Gaensler 
man; Flynn, 
Ilha, Pastons & Campos). 

The small remnant ef the right pul- 
monary artery, found in the angapcardjo- 
grams in our Case, se@ms to be an unusual. 
finding. A similar case has been reportéel 


by Elder et*a/. As the artery was atretic 


° 
* the clinical and roentgenolggic Jeatures 


were’ identical in all other respectse to 
cases in which the pulmonary artery is 
absent. The left atriwm was filled via 
the pulmonary veips of the left lung. No 
right-sided pulmonary veins could ebe 
detecte€l, not even after the opacification 
of the morta had vanished. Narrow pul-s 


mgnary veins were, however, present 
in the lung specimer?, 
demonstrate them at angiotardio®raphy 
might be due to the markedly reduced 
The collateral 
amerial vestls in the wightelunt wére 
opacified after thé filling of the arta but 
the exact source of this arterial supply 


° 
could not be established on the eangio- 


The widening of dhe internal 
°° 


mammary @end phrenic artegjes is, how- 


grams. 


highly. suggesti¥e of an additional 
systemig vascular supply®other than the 
os 


bronchial vessels. A detailed study of the 


collaterals would. however, have re- 


“quired demonstration by thorac 1c B08 to- 
graphy (Andersoif ef al.)® Atelectasit 
slight fibrosis, myomatosis ied the exter® 
. } 

all 


siveecollateral vascular supply, may 


: 2 - . 
accquut for the increased density of the 


- © 
lung . observed roentgenographicall¥. 


Bronchiectasis in the lung lacking the 


Job,° 


The “failtlire to e 


° ° 


° 
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Char & Adams. 
1958). 


13 of which involved the right 


1958: Stein- 


Cases are On 


Anderson, 
berg, Kighteen 
record, 
pulmonary artery and only 5 the left. As 
an isolated anomaly the condition may 
exist without giving rise to any symp- 
toms. Hegnoptyseseas well as chronic or 
recurrent lung infections have, however, 
been described in a nurhber of patients. 
Repeated bouts of pneumonia and 
hemoptyses are generally consider eg to 
be indications for pneumonectomy... 
Embryologically, the absence of a 


piamonary artery is attributed to ob- 
literation of the yentral portion of the 
pulmonary arch. While Schneiderman 
put forward theehypothesis of a mis- 
placed “pulmonagy artery, Anderson et 
al. considered the process as being® one 
of proximal’ interruption of the pul- 
“monary, arch with the primitive pul- 
monary artery per® se remaining intact. ® 
The primitive 
the dorsal (duc tal) ) segment of the arch. 
This segment may be obliterated or per- 
o 
esist as a collateral vessel to the lung. The 
absence of the pulmonary artery will be 
found on the side opposjte the larger “of, 
the ductal®segments. With a left aortic 
arcl, and a left ductus arteriosus, the 
right main branch will thus be absent. 
In abnormal hearts with a, right aortic 


are h_the ws + 


reverse 


vil apply. | 

In out case in @hich the abnormality 
also seems togbe of congenital origin. 
the right pulmonary artery was short and 
narroW. According to the 
Anderson ef al., 


the hypoplastic artery corresponds toa 


theory of 


it seers plausible that 
Cc 


portion of the right pulmonary arch. 
~The abnormality thus affords an example 


of incomplete interruption of the pro- 


° 
artery is connected | with 


° 
* slog experiments that one-third of the 
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ximal arch with atresia at the hilyy r 


Pulmonary artery branches were foyp r 


in the lung at histological €xaMination| —h 


and represent the remaining primitiy, 


pulmonary artery. The bronchial yag. ; 
cular system was prominent in the luje | } 
and was probably communicating with a 
the pulmonary artery system. It is wp.) a 
fortunate that the specimen was not ip. ’ 
jected for microangiography or cast-| .2 
studies that would have disclosed the 
angloarc hitec ture of the lung. t 
The bronc hial collate ‘al vessels, = | 
been assumed to take part In Oxygen up-| 
take in some of the reported cases ofab- | 
sence of the main pulmonary artery (Stein | 
berg, Dotter & Andrus, 1953; Smart & Pat- | 
tinson, 195 1b). This has been ascriped to 
ficreasedepartial alveolar tension of the 
oxygen in the aflected lung. In our Case, fe 


° “cy . ° 
however, fio diffusioh of oxygen was 
° gi 


found. Bloomer, Harrison, Lindskog & 
Liebow (1949) have demonstratedein 
output of the left ventric le. may escape 
to thes bronchial, arteries following liga- 
tion of °4 main pulmonary arteryewb@ 
communitations between the. pulmonary 
artery and the bronchial artéries have 
been established. ‘Theoretically, this ma\ 
lead iqan increased load with enlarge: 
ment®of the left ventricle. Na such altera- 
tien could be demonstrated in our case 
on thé angiocardjogram or at the electro- 


*cardiographic examination. This 1s i 


* agreement w wh the ffhdings of Loring & | , 


Liebow (1954) Who have shown experi: ‘ 


>. <a di; 
mentally that no significant cardia 
° | 
hypert®ophy follows the functional & 
clusion of a main pulmonary_artery: .. 


, 2 ; 3 
When one pulmonary artery 1s absent 


or completely stenosed the output of the | 


e 


oe 


o 
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In 1938, Scheid 5) described an earlier 
unknown vascular anomaly tending to 
lead*to respiratory obstruction, namely, 
aberrant left pulmonary artery. The anomaly 


wase detected “at autopsy on an ififant 


. hs . : 
“whorhad died of suffocation after repta- 


‘ed attacks of apnoea. Sincesin this case 
the trachea’ wes also emalformed, with 
injammatary lesiofts ofe its, mucosa, it 
was difficult to ASSESS the importance of 
the vascular anomaly per se. However, 
during ¢he past five years, 11 cases of 
aberrant left pulm@nary artery without 
associated malformation ef the trachea 
have been reported (1—4, 6-8). Features 
common to all the cases were that the 
bfurcation of the qulmonary artery lay 
lurther to the right than normally, and 
that its left branch didenot run, in the 


° ‘ ° 
usual way, directly eto the puln@nary 


—hithem-in-front-ef-treteftamranntbrenretras:—— 


Instead, it ran in an arch’ first backwards 
above the proxfmal! part of thé right 
main bronchus, and them to the left 
between oesophagus and tramhea. It has been 
lound that.under such conditions, both 
the lowest part of the trachea and the 
right main bronchus*are apt to become 
compressed, with resulting respiratory 
obstruction. Hiller & Maclean (2), who 


diagnosed three cases, have denoted this 
anomaly as pulmonary_artery ring. 
Respiratory difficulties were present 
already during the neonataj period in at 
any rate 10 of the 11 cases recently 
reported, and ir! all but one a life-threa- 
teningetondifion appeared before two 
years of age, Stridor has been emphasi- 
zed as a characteristi@ feature; in contrast 
to the conditions in the presence of a 
vascular ring at the typical site, it was 
essentially expiratory. The symptoms 
were exacerbated by respiratery tract 
infections, anderecurrent*attackg of dysp- 
noea and cyanosis occurred. A frequent 
complication was obstructive emphy-® 
sema, which was severe iff some®cases; it 
was then mainly right-sided, so that phy- 
sically demonstrable displacement pf the 
mediastinum to the left was present (3, 
4+-67--fn som cmeersessrocgteene egie-cxas— 
mination of the oesophagus indicated 
interposition of tlf¥e pulmonary .astery: 
betyeen the oesophagus and trachea, and 
this diagnosis could be confirmed by 
venous angiocardiography (2). e 


Death o@urred in no 1|@ss than 8 of 


the 11 cases. T'wo children died of cardiac 


a | 


arrest during operation (2, 7), and a third 


shortly after left-sided thoracotomy, at 
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pulmonary *artery has been found in 
isolated 1950, 1958; 


Rider e? al., 1958). Angmalies of the 


cases (Steinberg, 
bronchial tree ,have also been observed. 
The bronchogram and*the study of the 
lung specimtn of our case did not revea! 
any abnormality of the bronchi. * 
Myomatosis has not been déscribed 
e previouslyein cases of atresia of tHe 
pulmonary artery. In the present case, 
this feature does not seem to be related 
to the syndrome of so-called muscular 
e.g., Siebert «& 


Fisher, 1957) as no emphyserfa or cysts 


e cirrhosis of the lung 


were present. The smooth muscle fibreg 
seemed to be related to the malformed 
° vessels and might represent an un- 
controlled overgrowth of vascular com- 
ponents. This hypothesis gains support 
from our ‘aripaublished tinding of smooth 


. 
. 
. 


a’ €@ , ° 
° muscle in alveolar walls in advanced 
° cases of mitral stenosis. e 
° ec @ 


SUMMARY ne 


A case of isolated absence of the right pulmo- 
nary artery and myomatosis of the lung is re- 
ported. ‘Igiis combination has not previously® 

e been described in the literature. —¢ 
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@ 
a ABERRANT 


Fic. 1. A, frontal view. B, lateral view. A trans- 
verse impression is seen in the anterior oeso- 
phageal wall; it is caused by the left pulmonary 
artery, which passes between oesophagus and 
trachea at the bifurcation of the latter. Tle 
trachea is slightly displaced forwards. The 
pulmonary artery runs obliquely downwards 
and to the left (cf. Fig. 2), as well as somewhat 
backwards. This explains the slope of the fm- 
pression and the fact that it is most distiget 


“in the left part of the oesophagus. 
o 


with 


ring 


. . & 
the surrounding tissues, forms a vascular 


around the lower part of the trachea at the 


considered warrAnted to make a detailed analysis 


. o 
ol the vascular anatomy, 


Nel, f 


oOo 
When ®ardiac 


theterizati t 7 } 
ielerization was completed, a@Mo. / catheter ol 


we angwcardiography. ca- 


Lehman type, with a sealed tip and holes bored 


in the walls, was introduced into the main trunk 
ol ge pulmonary artery. The contrast medium 
Was ected into it through the catheter. lehe 
° 
angsocardiograms (Fig. 2) confirmed the asSump- 
ton fiat the left pulmonary arfery was given off 
iron e right segmenteof the main trunk, and 
at 
-~ 5 44 ( ratoord * g 
° 


LEFT PULMONARY ARTERY 


origin of the right main bronchus. It was therefore 
oe © . 6:3 @ se:e = * Gomme + € eee OO 8 HOR 4 Ore +3. eo 


ran in an arch over the right main bron hus at 
its origin in the trachea, and then passed to the 
left hilum between the oesophagus and trachea. 
The first segment of the left pulmonary artery 
thus ran parallel to the right, on the upper dorsal 
aspect of the latter. The branches’in the hilum 
and peripherally had anormal appearance. The 
pulmonary veins, left atrium, left ventricle, thora- 
cic aorta an@ &ystemé arteries showed no abnor- 


mal features on the angiocardiograms. 


oe «= & 


DISCUSSION 


Hiller & Maclean (2) have suggested 
S . =) i 

that the anomaly in questien is more 
conamon than would appear fyom the 
few reports in the literature. The obs@rva-* 
* ° . 
tion made iff our case, namely, that it 
does not necessarily cause any obstruc- 
tion of the respiratory tract, lends support 


2 
to this assumption. 
ry , , ° ° , 
lhe diagnostic value of roentgenologic 


7 . . . 
examination of the oesophagus, first 


pointed out by Wittenborg et al. (8), is 
well illustrated by our case. The aberrant 
* pulmonary artery produces a_ typical 
impression in the anterior wall*of the 
oesophagus, a feature best observed in 
the lateral view. Interposition of the 
left pulmonary artery is,then seen as a 
* local increase in the distance between 
trachea and oesgphagus. Jhe frontal 
projection shows that the ufipression in 
__.. the.cesophagus-is-deepest-in—ts—lett- part — 
* which is explained by the fact that, during 
its course towards the hilum, the pulmo- 
nary artegy deviates somewhat in the 
» dorsal direction. A study of the trachea 
and main bronchi*discloses more or less 
deep compressien of the lower part of 
the trachea, and of the right main bron- 
“—"“Chus whére it takes its origin from the ~ 


trachea. 
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which%he anomaly was not detected (1). 
Another 1 | after 
* © * 

Attempt to decrease the load on the right 
transplanting the 


child died days an 


main bronchus by 
artery . attac hing it to the lower 
trachea | Three children with mul- 
tiple abn malformations died at a 
maximum 3 months of age; in these 
cases, the respiratory obstruetion causéd 


by the pulmonary artery anomaly does” 


not seem to have been the only cause 


of deathe(1."! 


and lower lobes ofethe right lung *were 


8). In one case, Phe middle 

° | , 
removed at @ Weeks of age, owing to 
severe emphysema with dfsplacement of 
but the 
, © fn . 
emphysema progressed in the remaining 


the mé@diastinum to the left. 


parts of the lung on both sides, and the 


: . oO . 
patient died of bronchopneumonia aj 6 


months (6). ° 


° 
- © . 

e ° One of the surviving patients only had 

any appreciable symptoms in commexion 


and 


° they were nse, See moderate degree ® (2). 


with respiratory tract infections, 
° 

[Emergency operatidn with reconstr uction 

° ef normal anatomic conditions was per- 


°. -—-formredhoh theother twa, patitnts (2, 4). 


° The clinical results were good in both 


cases, with only insignificant symptoms ~ 
after operation, but in one of them rpvst- 
operative angiocardiography showedeo@ « 
clusion of the left pulmonary artery (2). 


Our case, described in the following, _ 


oe. ee a f oo 


% differs from all those prev ionsly re orted — 


in that the anomaly is nob assdciated : 


. a 
with any significant symptoms from the 
The 


detected as a purely incidental finding 


respiratory , tract. anomaly was 


at roentgenologic examination of the 
oesophagus in a child operated on éarlier 
for -hiatal- hernia. 


RUDHE AND P. 


° 


3 


- mination, 


e 
, : @ so « 
had been admitted to our clinic. 
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CASE REPORT 


The patient was a boy, born in July 195; 
Between 6 and 12 months of age he had repeater 
respiratory tract infections, with coryza and, 
cough, as well as anorexia and vomiting, His 
type, as 


in croup, and slight inspiratory stridor was som,. 


cough was generally of the ‘‘barking”’ 
times heard, Increasing *anaemia and_ blood. 
streaked vomiting led to detection of hiatal herpj, 
when he was about | year old; radical operation 
with Allison’s methodewas performed in Septem. 
ber 1958. The res@lts of operation were on th 
whole satisfactory, but he returned for a check-up 


in December. ° 

Physicabexamination showed a somewhat small 
but otherwise normally developed 18-month-old 
boy. Respiration was entirely normal, with n 
stridor. Heart conditions were completely nor. 
mal, and the ECG showed nothing pathologic. 
Cardiac catheterization, performed on the grounds 
of the unusual roentgenologic finding, glisclosed 
normal conditions of pressure and oxygen satura. 
tion iff the right #de of the heart. 
examinatgon. The 


, . ° | 
normal size and configuration. Jungs no dens- 


Roentgenologic heart was of 


ties were present. The distriution of the pul- 
vessels was ordinary. Vascularization 


mgnary 
was normal. The lower part of the trachea was 
slightly displaced to the left and forwards, and 
a shallow impression was visible at the site ol 
origin of the righf main bronchus. The excursions 
of the diaphragm were normal. 


Ocsophagus: he sliding hiatal hernia, diagno- 


sed at another hospital, and for which the patien' 


seemed to fave 
been completely corrected by operation, The 


entire oesophagus was sligh@y dilated, due to an 


_ intepmittent impediment to emptying in its lower 


part; this was pterpreted as a result of operation 
In the®antenior wall of the oesophagus, at th 
vel of the a magked indentation wa 


present in fhe lumen, as well as a locaP increas 


carina, 


in distance from she trachea. The impression 1 
the oesophagus was most distinct in its left par" 
(Fig. 1). No pulsations were visible in this pat! 
of the oesophagus, neither at fluoroscopic ¢* 
nor on_ filming. with cineroentgene 
The of 


aberrant left pulmonary artery which, rogethe! 


° a 
graphy. features were typical 


| 
ive 


e 


9 

perrant pulmonary artery is situated 
not only more caudally, at the bevel of 
the carina, but also on the anterior 


aspect of the oesophagus. 
Associated anomalies of the circula- 
torv organs or other organs were descri- 
bed in six cases in addition to the first, 
reported by Scheid (5), in which the 
trachea was abnormallly narrow, and 
all its, rings except the lowest one were 
entirely closed. The left pulmonary 
artery was underdeveloped in one case 
9). Other vascular anomafies observed 
were dextroposition of the aorta with 
coarctation, aberramt syste™ic arteries 
and persistent left superior vena cava 
= 8). Intracardiac malformations 
were present in two Cases, and anomalies 
of the digestive tract® urinary organs and 
spinalecord were observed as@véll (1, 8). 
In our case, cardiac «atheterization 
and Selective angiocardiography disclo- 
sed no anomaljeg of the heart or great 
vessels apart from the aberrant left 
pulmonary artéry. Ike impression made 


_by_this vessel in the trachea and right 


. ° . 
main bronchus was shallow. In view of 


the fact that the patient had no respira- 


° 
tory tract symptoms that could reasone 


° 
ably be ascribed to thewaScular anomaly, 


nowndications were present for correcting 


it surgieally, 


SUMMARY 


. sd 
A case is reported of aberrant left pulmonary 
artery without clinical symptoms, detected at 


roentgenologic examination of the oesophagys 


S caliceenatincamanmticaeaal 
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after operation for hiatal hernia. A study of the 
literature shows that in all earlier known Cases 
this vascular anomaly was associated with symp- 
toms of respiratory obstruction, usually of a life- 
threatening degree, The value is pointed out of 
roentgenologic examination of the oesophagus for 
demonstration of the typical interposition of the 
aberrant vessel between oesophagus and trachea. 
In the case in question, this was confirmed by 
selective angi@cardiography, which allowed tetai- 
led visualization of the course of the pulmonary 
artery. . 
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° . . . ° 
Fic. 2. The pulmonary artery and its branches depicted in the frontal and later 


. . . © 
al projections.at selective 


. angiocardiography. The leftpulmonary aftery (cf. schematic drawing) Is given off parallel to the right 
pulmonary artery from the right side of the main trunk. It crosses the right main bronchus at the tra- 
chea, arf then runs obliquely downwards and to the left to the hilum. where it branches normall 
PA, pulmonary artery; LPA aad RPA, left and right pulmonary artery; Tr, trachea. 


° ad « 
s 


lt has been stated that the pulsations 
of the bulging pulmonary artery appear 
» on opacification.of the oesophagus, and 
that they are thus a direct indication of 
the presence of a vascular anomaly. In 
our cas@é, no such pulsations could be 
observed with certainty. Direct measure- 
ments on the angiocandiograms showed 
that the amplitude of the pulsations 
amounted to only about 0.5 mm. Presum- 
ably; it isscarcely possible to discern such 


small pulsations in childrer® under 2 


* 
® 


years of age without first producing 
apnoea. ‘From the diagnostic point 0 
view, this-seems- tobe irrelevant, sinc 
the impression of the aberrant pulmonar 


artery in the oesophagus is typical wil! 


respect to both shape and position. ‘Thus. 


it differs from the far more common de 


formity of the oesophagus produced )) 


the right subclavian artery, when th! 
vessel is given off anomalously as the !as' 
branch from the aortic arch, and crosses | 


the oesophagus on its dersal aspect. Phe | 


& 


¢ 


hy Pappenheimer (1955). According to 


dese authors,the walls of the glomerular 
capillaries contain pore® of a diameter 
calculated at about °/5 A. The calcula- 
Hons are based on known data concern- 
ing the size of fhe haemoglobin molecule 
Brage. 
* . . Ad : 
through the capillary wall in very small 


1953), which can only pass 


quantities. 

Ihe high resolving power of the 
modern electron microscopes, and the 
extremely refined technique that has 
been elaborated for their use, have made 
it posible to observe tissue structures of 
the size of these pores. ‘Theoretically, 
therefore, it should be possible to detect 
whether such pores do or do not exist®in 
the capillary walls. In practiceshowever, 
the problem has proved extremely dif+ 
ficult, and no satésfactory solution has 
been found. I shall give a brief account 
of my own attempts in this direction and 
shall at the same time discuss and “inter- 
pret the observations made by other 


authors. 


—_MATERIAL AND-MEFHORS——_— 


.e® ; °. . 

Small portions gf renal tissue from 
differen, atimals under light narcosis 
were excised, divided into extremely 

9 9, ° . S . 

small segments and immediately fixed in 
isotonic solutions of various heavy metals 
buffered to pH 7.2. Asarule the fixation 
was done withethe normal | % solution 
of osmium tetroxide, both alone for 
three hours and in combination with | % 
platinum chloride, bariuen chloride or 
urany| nitrate. first for two hours in 
OSmium solution, then for about one 
hour in one of the other solutions. Some 
preparations were fixed solely in solutions 


ol platinum chloride or uranyl nitrate. 


eo 
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After being washed in ‘Tyrode’s solu- 


tion the preparations were embedded in 


methacrylate in the normal manner (| 
part methyl to 19 parts bfityl metha-. 
crylate) or in Arafdite by the method of 
Glauert & Brieger (1956)¢ 
The study also comprised biopsy 
material from young and healthy human 
subjects collected by needle biopsy using 
the technique of Kark & Muerhcke 
1954), which was done by Dr. H. Bucht 
at St. Erik’s Hospital. The material was 
treated by the same methods as the 
animal tissues. : 
The specimens were sectioned on a 
Sjostrand ultramicrotome or on a Leitz 
microtome by Fernandez Moran. “They 


were studied in an electron microscope 


‘ < . . © 
‘RCA model 2d equipped with conden- 


ser aperture and objective aperture of 
. : , ° 
diameter 0.010 in. and 0.030 in. respec- 


tively. * 


RESULTS 
° 


The structure of the glomerular capil- 
laries of different animals, using osmium 
fixation, has been described by humerous 
authors. References in” Bergstrand, 
1957.) The material on which this dis- 
cussion is based has been partly de- 
scribed earlier, that relating to experl- 
mérmtal animals by Bergstrand — 1957) 
and to human subjects by Bergstrand & 
Bucht (1958). 

The wall of the glomerular capillary 
consists of an inner, very thin layer of 
membrane, 


endothelium. a basement 


and an outer” covering cell, usually 


called the epithelial cell (Fig. ! 
Within the greater part of the capillary 
wall the endothelial cell is very thin and 


consists of the cell membranes’ with a 


te 
of 
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Ever since Cushny (1926) presented fhe — «branes of, for example, cellodion. Such 
first clear formulation of the theory that membranes @re easy to make and thei 
urine is formed by filtration through the properties can be varied so as to equate 
° . : : eae ; 
glorferular capillary walls and Richards the® permeability with that of tle blood 
’ ° 
(1938) presenttd the first experimental capillaries. 2 
. + . o 
f prools of the corre¢tness of this theory, it Our understanding of the nature of 
oe a © 
has been an intriguing pfoblem for all * the filtration process is based on the | * 
9 , ~ , 
morphologists engaged on the ahatomy abundant data collected by thege variou: 
‘ 
wae and pathology of the kidneys to in- methods. It is generally c@nsidered that 
. @ , ay . : : 
vestigategthe structures which render the thee capillary walls, contain very fine 
°. ‘ : © «a, 
f filtration process “possible. pores which pa ffuid and molecule: 
= I , “s , — 5 - — 
, rine formation in the kidneys i an dissolved in it up to a certain size, while 
: ° 
°° i) . . . 
, altogether specific process. In principle, larger molecules, cdiloids and _ cellular 
: om e = ee, = — 
seomemense « howeyer, there is‘no “difference between °*——~elements are” under” normal conditions 
the filtration® through the walls of the retained in the blood stream. Accord- 
o 
‘ ‘ 9 . .. 8 . 
. ¢ glomerular capillaries and*the transfer of ingly the compogtion of the filtrate 1 
* 
, , , : . @-* ; dls 
fluid through the capillary walls in determined primarily by the diameter © 
‘ ° other organs, for example the striated these pores, while its maximum quantity \s 
a? muscles. Glofnerular filtration is easily determined byethe number of pores pe! 
@ ' ; 
measurable under either physiologacal unit .of area of capillary wall. The 
. i? . & . . . : 
or pathological conditions by clearance quantity of the filtrate is determined, 10 
. & a . ~ 
tests, which are so well known as to other respects, essentially by the pressurt 
. require no mention in this context. [The eradient through the capillary wal : 
o ; ; ; . , are 
passage of fluid through other,capillaries from the blood to the intercellular spact 
. ~ ° ° 8 ¢ 
' has been studied by means of numerous and by the thickness of the capillary wall. 
physiological tests, especially through Detailed accounts of these problems, 
perfusion of the extremities °in_ living especially in ®relation to the olomerulal 
° ; “ : . ; re) , 
_ animals, Another method Js to. study the filtration,_hame—beerkgiven—by—Panpen: 
passage of fluid through artificial mem- heimer, Renkin & Borrero (1951) ané 
. J 
=~ Oo 3 
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* . . . 
Other researchers express a contrary it is scarcely possible to draw any con- 


view, t@ the effect that the basement 
excrabsaae. £pnsists of ..tRree separate 
euent s first edescribed by Rhodin 
1955 * There appears to be full con- 
currence at all events that ng fibrils gr 


pores can be positively, detected in*the 


© .sement membrane after fixation in 


osmium. The epithelial cell has profuse 
ramifications with a multitude of fine 
protoplasmic processes which fasten one 
beside the other on the Suter aspect of 
the Pasement membrane. Between these 
foot processes or pedicles there are nar- 
row slits. 

Fixation with other heavy metals than 
osmium shows up tke epithelial and 
endothelial cells wery much less clearfy, 
while failing to reveal any distinct 
structure, in the basement membrane. 
Fix8tion with osmium® followed — by 
platinum or uranium may often give a 
better repreduction of the cell mem- 
brames, as also happens when using the 
combination of osmium with phos- 


pho-tungsten acid (PTA). No addi- 


* uoral structure becomes apparent in the 


basement memlfrane. Barium chloride 
’ Le) 
has been used to produce @ compound 


between the barium metal and free 


clusion concerning the structure or 
; . "ene 
Tunctional role of the, basement mem- 


2 . . 
brane under normal cdnditions. 


¢ DISCUSSION 
« '@? 

‘One thing appears to be clear, and 
that is that the structure of the glome- 
rular capillaries must favour the rapid 
passage of large qfiantities of fluid. 
Pappenheimer shows that the filtration 
through the glomerular ,capillaries is as 
much as 100 times greater than through 
other capillaries. Opinions differ, how- 
ever, on the role in filtration played by 
the different structures of the glomerular 
capillary. : : 

Vincent Hall (1957) was, like myself, 


° ; ° 
unable to discern any structure in the 


basement membrane and therefore con- 


° : . . . 
e sidered it to be a gel without specific 


properties of permeability. The pores 
must be sought elsewhere. The fenestra- 
tions in the cytoplasm of the endothelial 
cell are, of course, far top large. hey 
h@ve an important role, on the other 
hand, Ms providing a free passage for 
the blood to large areas of the basement 


@ 
membrane. The spaces between the 


sulphate groups which should be present...... progesses of the epithelia] cells, too, are 
Cove 


in the large molecules of glucoproteins, 
‘which are probably the most important 
component in the basement mhembraneé 
But this method °as well has failed to 
reveal any structure in the basement 
membrane of healthy animal or human 
subjects. In diabetié patients | have 
lound a distinctly Jamellar structure in 
‘the hyaline masses which precipitate on 
the basement membrane | Bergstrand & 


Bug 1959), but from this observation 


TANE LIBRARY. STANFORD UNIVERSITY 


generally of such size as to be un- 
thinkable as filtration pores’ According 
to Hal] this is due to shrinkage of the 
epithelial cells during fixation, which 
considerably increases the spaces be- 
tween the processes. By measurements 
on rat preparations fixed with the utmost 


care. Hall considered he could determine 


the distances between the processes of 


epithelial cells as 100 A. He claims 


accordingly that these spaces, the so- 
o 


© 
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Fic. 1. R&t. Fixtior® osmium 
tetroxide, Embedment: 
Araldit® ‘Transverse Sec. 
tion of capillary wal! 
Endothelial cell (End with 
fenestrations in Cytoplasm, 
Basement membrane (RP 
of the capillary. Epithelial 
cell (Ep). Basement mem. 
in Bowman's capsule & 
Filtration § slit pores Fh 
according to Hall. 


and epithelial cells (Fig. 2). Owing to 


shrinkage of the specimen eduring pre- 
paration a narrow paler zone is often 
seen adjoining the endothelial and 
epithélial cells. In my definite opinion, 


however, this is always an_ artefact. 
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° °O 
very minute layer of cytoplasm between, 
them. In the endothelial cell there are 
f round or oval spaces of a diameter 
i :; 8 or 1 
which may be 300 A or *above. The 
° . - basement membrane forms® a homo- 
—— Pe geneous layer between dhe endothelial 
; cs) : 
@ 
: e 
: 
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hic. 2. Rat. Fixation: osmium tetroxide. Embedment: Araldite. Red blood cell (RBC). The basemen" 
membrane (8) entirely fills the space between thé €ndothelial cell (End) and the epithelial ce! Ep 
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searchers express a contrary 


Ceher 


new, °t the effect*that.the basement 


consists’ of three” separate 
lavers :.as Rhodin 


1955). There appears ‘to be full ..con- 


membrane 


first: described by 


-yrrence at all events that no fibrils or 


“Ores ta rive sposrtiva y~detected tim tite 


basement membrane after fixation in 


osmfum. The epithelial cell has profuse e 

ramifig: itions with a multitude & fine 

protoplasmic processes which fasten one 

beside the other on the outer aspect of 

° 
the basement membrane. Between these 
° 

foot processes or pedicles there are narg 

row slits. -t 
Fixation with other ‘heavy metals than 

osmium shows up the epithelial and 

endothelial célls very much less clearly, 

°° 
failing, to reveal - 


the 


while anye distinct 


structure 1n basement membrane. 


Fixation with osmium followed by 
platinum or uranium may often give &, 
better 
branes, as also happens when ysing the— 
with phos- 


No addi- 


tional structure becomes apperent in the 


combination of osmium 


pho-tungsten acid ¢BITAP. 
e 


. basement membrahe. Barium chloride 


has been used to produce a compound 
the 


2 
sulphate groups which should be present 


between barium metal and,free 


: Hy . 
in the large molecules of glucoproteins, 


‘ ‘ . 
which are probably the most important 


component in the basement membrane. 
But this method as well has failed to 
reveal! the 


membrane of healthy animal or human 


any structure in basement 


subjects. In diabetic patients I have 


found a distinctly lamellar structure in 
the hyaline masses which precipitate on 
the basement membrane (Bergstrand & 


Bucht, 1959), but from ethis observation 
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reproduction ef the cell emem- 


o 
e*must be sought elsewhere. 


“membrane. 


e 


. 
it is scarcely possible to Uraw any con- 
clusion: ‘concerning the structure or 
functional role’ ofthe baserflent mem- 


brane under nor inal ‘conditions. 


DISCUSSION _ 


eiiitied 


One thing, appears to be clear, and 
ihat is that the structure of the glome- 
rular capillaries must favour the rapid 
passage of large quantities of fluid. 
Pappenheimer showsethat the filtration 
through the glomerular capillaries is &s 
much as 100 times greater than through 
other capillaries. Opinions differ, how- 
ever, on the role infiltration played by 
the different structures of the glomerular 
capillary. va ‘ 

Vincent Hall (1957) was, like myself, 


co . . 

unable to discern any, %tructure in the 
9 

basement mgnfbrane ahd therefore con- 


sidered it to be a gel without,specific 
properties of permeability. The pores 
The*tenestra- 
| .° 

tions in the cytoplasm of the endothelial 
“cell are, of course, far ‘teo large. They, 
have an important role, on the wine. 


hand. 


the blood to large areas of the basement 


in providing a free passage for 


The spaces between the 
processes of the epithelial cells, too, are 
yjze as to be un- 


generally of such 


thinkable as filtration pores. According 
to Hall this is due to shrinkage-sof the 

® : 
epithelial cells during fixation, which 


considerably, imcreases the spaces be- 


tween the processes., By measurements 
on rat preparations fixed with the utmost 


care. Hall considered he could determine 


the distances, between the processes of 


He claims 


100 A. 


that these spaces, 


epithelial cells as 


accordingly the so- 
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Fic. |. Rat. Fixation: osmiup 
tetroxide. Embedment 
Araldite. Transverse see. 
tion of capillary wall 
Endothelial cell (Eng) with® 

e fenestrations in cytoplasm 
Basement membrane 
of the capillary. Epithelial 
cell (Ep). Basement mem. 
in Bowman’s capsule (B. 
ef iltration slit pores Fp 


© according to Hall. 
° 

very minute layer of cytoplasm between and epithelial cells (Fige 3). Owing to 

°* them. In the endothelial cell there are shrinkage of the specimen during pre- 
round or oval spaces of a diameter paration a narrow paler zone is often 
which may be 300 A or above. The seen adfoining the endothelial and 

. . ° . el . . 
. basement membrane forms a homo- epithelial cells. In, my definite opinion, 


, 6 ° . 
geneous layer between the endgtheal however, this is always an_ artefa@. 
~ 


Fic. 2. Rat. Fixation: osmium tetroxide. Embedment: Araldite. Red blood cell (RBC). The basemen 
membrane (B) entirely fills the space between the endothelial cell (End) and the epithelial ce! Ep) 
°° ,' 
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I 


-enal changes in human_ subjects with 


disturbed filtration are, in my-*epinion; 
. Re 0. eo 2 ee 
sill too scanty to -justify...any-: positive 
clusion regarding: the:inosphological 
come SLOT) >‘ ‘5. : _ } e < 
cause of the functional disturb@nce. 
= . . °. 
There is a strong indication, however, 
. . 
‘hat the changes are localized to the 
which in “urn 


hasement membrane, 


7 . 
suggests* that the structures which con-*® 


stitute the morphological basis for filtra- 
tion should also be sought in that quarter. 

Hall’s assumptions also imply that the 
epithelial cell processes are under normal 
conditions very stable structures of 
definite form. Investigations made on 
material frdét. healthy hunYan subjects 


seem to indigate, however, that this is by 


no mgans the case, at least not“in man. . 


Thus considerable variations in_ the 
#ppearance of the epithelial cells are 
found in diflerent sections of the same 
edomerulus. Nor is it* unusual to find 
egreat, variations even within diflerent 
seqjions of the same epithelial cell, with 
large or small vacuoles in varying 
numbers in the cytoplasm and with 
vasious forms of mitochendriae Large or 
small electron-dense. granules are fre- 
quently observed, similar fo those in 
ur tubulareepithelium in, for example, 
protein resorpuon Bergstrand & Bucht. 
1959). @J hese observatiows suggest a very 
high metabolic activity in the epithelial 
cells, probably a resorption of water and 
dissolved substances in varying quantities 
and proportions. In my opifion it is 
extremely difficult to imagine that under 
such conditions the processes of the 
epithelial cells can be fixed structures 
with constant spacing between them. 
Observations from man suggest, on the 


contrary, that they are very variable 


am 


34] 
oO 
e ° 
and may change bothein size and shape 


within wide limits*without causing func- 


,tional disturbances. It is improbable, 


therefore, that they’ play the role as- 
sumed by Hall in the filtration process 
iff man. 

This is not to Say, of course, that they 
have no significance for filtration. In 
my opinion the spaces in the cytoplasm 
of the endothelial cells and between, the 
epithelial cell processegcooperate in such 
a manner thata free passage is aflorded for 
the blood to the basement membrane 
and for thefiltrate from the latter, within 
a limited area which detePmines the 
maximum volume of the filtrate. The 
filtration pores, on the other ehand, 
which determine the cofnposition of the 
filtrate, must be sought in the basement 
membrane. ‘The reason ewhy we shave 
thgis far not been able to demonstrate 
their existence is that the mucopoly- 
saccharides, which are probably the 
essential component in the basement 
memBrane, have so little affinity for 
osmium or ofher heavy fnetals thats by 
the methods employed hitherto, we 
cannot reproduce the finest details even 
though they are with the resolving 
power of the electron microscope. 

The, question of the morphological 
for the in® the 


glomeruli can accordingl not be said 


basis filtration process 
7— | ell 
to have found a solution. The theory 


put forward by» Hall can, in my opinion, 


not bee the correct interpretation. His » 


theory 1s nevertheless of considerable 
importance since it is the first attempt 
to correlate the morphological observa- 
tions in the electron microscope with 
the results of physiological examinations. 


The problem has hereby been stated pre- 
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Fic. 3. Rat. Fixation: osmium 
tetroxide + barium — chlo. 
ride. Embedment: metha- 
crylate. Oblique section of 
capillary. Filtration. slit 


e called filtration slit pores, constitute 
° the actual gnorphological basis for the 
(Fig. 3). It 


determines 


filtration is their diame- 


ter which the composi- 
tion of the filtrate and their number 
which determines the maximum quantity 
of the filtrate. In? further support of this 
that, in 


patients with*renal diseases accompanied 


assimption all maintains 


by proteinuria and Jowering of filtration ° 
° = : ; 
e.g. glomerulonephritis or lipoid ne- 
ms Fee , ° , 
phrosis (Vernier, Farquhar; Brunson & 


Good, 1956; Farquhar, Vernier & Good, 


-~_— °o . . 
1957) Or in experimental glomerulo- » 


nephritis (Hall & Heymann, 195/7¢ 
Miller & Bohle, 1957) 


cells become destroyed early in the 


the epithelial. 


course of the disease, with confluerfce of* , 
the cell processes, % that the spaces be- 
tween them are largely eliminated. 
Substantial objections may, ‘however, 
these assumptions. 


be raised against 


; ;, 9 
® According ,to Hall the filtration. slit 


pores (Fp) appear mos 
clearly in this form of 
section. Cf. Figs. | and 2. 


: 
pores are 100 A _ ir? diameter, while 
Pappenheimer calcylates th@ porgs in 
ethe capillary walls toebe abgut 75 \ 
The difference may appear slight in 
“view, of the great difficulty of making 


exact measurements and of the munute 


e dimensions involved, but in reality 1 
highly significant. 


° 
’ . ° 
Experience ffom the study of other 


renal diseases, such as diabetic glomerv- 
; ; ; ° ; 
losis, in patients with a clearly lowered 
° 


. . ° 
filtration fraction—that is. with a definite 


obstruction to the, filtration process 
suggests that the most important cause 
in these cases has been a thickening anc 
change* of the basement membrane 1 
the capillary walls (Bergstrand & Bacht, 
1959). A scrutiny of the materia’ 
presented by Vernier, Farquhar, Brut- 
1956) 


there has been no proven diminishimen! 


son & Good shows. too, that 


of glomerular filtration, at least not ! 


lipoid nephrosis. Investigations 0! the 


e 


\ 
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Osteochondroma in the Posterior Mediastinum 


Report of a Case, with a Review of the Literature 


, GOrAN M. HAmBRAEus and ARNE G. LJUNGOVIST 


—*Qsteochondroma in the mediastinum is 


a rare condition., In such cases “the 
vertebral column, the ribs or the sternum 
may s@rve as a starting point for the 
The 


from practically any bone preformed in 


tumour. tumour may originate 
cartilage and is particularly common 
neay the ends of the long Jimb bones. It 
occurs in a solitary and an hereditary 
multiple form. Geschickter & Copeland 
1949) reported 291 cases of the former 
and 27 cases of the latter. Of this total 
of 318 


. a . . 
thoracic skeleton was involved in only 


(e] 
cases of osteochondroma the 


three—-one case each of costal, sternal 
and vertebral docalization. Meyerding® 
1927) reported 265 osteochondromas 
in 232 patients. Five of the tumours were 
localized in the thoracic 
each instance in the ribs. It is not known 
whether the growth extended into the 
mediastinal region in any of these cases. 
The vertebral column seldom seems to 
be the seat of osteochondroma. In the 
of Geschickter & Copeland (1949) 


ned above the vertebral column 


series 
ment 


was involved in 13 caSes. Apart from 


the case with thoracic localization the 


skeleton. in" 


° 
cervical region was involved in one case 
and the lumbar region in 9 cases. For 
the remaining 2 cases the localization 
was not stated. In Meyerding’s material 
there was only one case of osteochony 


column. and 


droma in the vertebral 
that was in the lumbar region. 

The tumour is built up of bone and 
cartilage, and is covered by a periostal 
layer. Histologically it is benign afid 
resembles the endochondral] ossiffeation. 
The wisk of malignancy, with secondary 
development of chondrosdreoma, | 1s 
smalle probably not exceeding |-2% 
‘Lichtenstein, 1952). O’Neal & Acker- 
man (1951) point out that there is a 
tendency to * underdiagnose cartilage 
tissue tumours and associate themselves 
with Lichtenstein’s criteria for the 
histological evaluation of the malignancy 
of these tumours. 

As a rule, the clinical picture presents 
few symptoms. As the tumour grows in 
size, however, it may gradually prodyce 
pressure symptoms from surrounding 
tissues and organs. The localization of 
the tumour is then, of course, of decisive 


importance for the symptom picture, 
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ciselv’ and discussion has been aroused. 
It is to be hoped that coming investiga® 
* . - - 
tions will vield additional results which 


bring the question closer to its solution. 


= 


SUMMARY 


2 

A brief account is given of the facts known 
hitherto concerning the structure of the glomeru- 
lar capillaries as it appears in the electron micro- 
scope. Hall’s theory, based on known physiological 
data and anatomical observations, concerning 
the morphological basis for the filtration process 
in the glomeruli is briefly reviewed. The present 
studies of, especially, human kidneys have produ- 
ced results which are at variance with Hall’s 
theory. It is here claimed that, in the basement 
membranes of the capillaries, there are in all 
pr®bability fine pores the diameter of which has 
been calculated by Papperheimer to be 75 A, 
and that it is these pores which determine the® 


composigion of the filtrate. 
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seared: shortness of breath, pains along 
he left costal arch, feeling of pressure in 


the chest. Until then the patient had 


heen able to work, at time’ on very hard 
manual labour, Hit ‘once the symptoms 
ppeared they progressed rapidly. ‘The 


patient was admitted to the Karolinska 


= 


Sjukhuset on Aug. 28, 1958, in a very 
low condition, with dyspnoea at rest of 
inspiratory type and- with retractions 
and palpitation upon moderate exertion. 

The physical examination revealed 


nothing exceptional apart from tra@heal  e 


stridor. Blood pressure 130/100. Com- 


° 
pletely normal laboratory values, SR 2—6 


mm. X-ray at admission showed a large Fic. 4. X-ray picture from August 1958; frontal © 


, 5 ‘ Bew. : e 
tumour 16 «15 » 12 cm in the posterior 


mediastinum at the level of the middle 
thoracic vertebrae. It was _ polycyclic, identify. During the dissection there was 


° 
haemorrhage from the posterior of the 


well define0l, and irregularly calcified. . 

Che structure of the 6—7th vertebrae was aorta in the upper part of the tumour, 
affected, the 6th rib was eroded on its followed by a fall in blood pressure and 
lower edge within an area 7-8 cm long, ventricular fibrillation. After heart mas- : 
Ss Bi end Fth the ware tent sage and replacement of the blood loss 
apart (see Figs. 4-6). The trachea and the heart was defibrillated, and the 
oesophagus were displaced forwards. : 
Close to the tumour there was a small 
compression atelectasis within the adja- 
cent lung lobe. Progression continued 
alter admission: signs of congestion in 
the upper half of the body and further 
deterioration of the respiratory function « 
wade operative measures urgent. 

On Sept. 8, 1958, left thoracotomy 
was performed. There was found a 
ixed tumour in the posterior media- 
‘tinum; this was displacing the lufhg and ° 
blood vessels forward and was crowing 
around the aorta. The freeing of the 


4orta was made difficult by the fact that 


the Intercost: avtactos 
ercostal arteries were also en- a | | : 
; Fic. 5. X-ray picture from August 1958; lateral 


circled by tumour tissue and difficult to view. 


o® 
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which in unfavourable circumstances 


may be yery alarming. This ts illustrated 


* by the following case of an osteochon- 


#) 
droma which expanded in the posterior 


mediastinum: ° 


CASE REPORT. 


A 35-year-old man admitted to the 


‘Clinic of Thoracic Surgery at the Karo- 


,linska Sjukhuset for an intrathoracic 
: ° 


tumour. . 


Parents and 7 siblings healthy. “Che 
patient himself had always ‘previously 


been in good health. A symptomless 


tumour was discovered by mass radio- 


graphy in October 1954. Afterwards the 
patient was admjtted to a @ounty hospital 
for fuether examination? The X-ray 
photographs confirmed tke previous 
findifg., Bronchoscopy was negative. ° 

At the next routine X-ray examination 


it 1956 the tumour was found to be 


“somewhat larggr than earlier. In June 
: nn, 


1958 the first subjective symptoms ap- 


& 
hic. 1. X-ray picture from January 1955: frontal! 
view. 
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Cc 
Fic. 2. X-ray picture from January 1955; lateral 
view. 


* 
Fic. 3. X-ray picture from January 1999; tom’ 
gram. 
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Fic. 7. Microphotograph of various parts of the osteochondroma (van Gieson staining). (a) General 
: picture of the periphery of the tumour, showing the lobular cartilage tissue formations and the fibrous : 
| capsule 79). (b) Section from the dorso-medial part of the right lung, showing the thick, fibrous 
| capsule which separates the tumour (below, right) from the atelectic lung parenchyma (above, 
| left /9). (€) The endochondral ossification zone with bony trabeculae and niarrow spaces (below 
| and lobularly growing cartilage (above); ( x 75). (d) Detailed picture of an area of more proliferative 
character with a certain nuclear polymorphism. Note a double nuclear cell (below, left); (* 480). 
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° kic. 6. 
gram. 


X-ray picture from August 1958; tomo- 


° 
‘damaveiti"thé“abdrta wall Was repaired. 
The mode of growth of the tumour 
° rendered it inoperable. It was also 


. 9S 
bleeding profusely from the spongiosa- 


like resection surface. As a_ palliative 


measure the part of the tumour which 


was compressing the trachea »was re- 
moved sub@apsularly, after which thé 
° resection surface was coated with gel- 

foam. Immediately after the operation 


. ‘ e [¥) . 
: the patient’s blood préssure was main- 


; ° 

tained and tracheotomy was performed. 
2 As it was nojiced that the, flow Of blood 

“a : , *% , - 
lrom the drajpage. tubes -tvas inoreasing 
it was degided to reoperate. The blood 
, loss, however, amounted to 500 cc in the 
final 15 minutes"and the patient died 


before reoperation could be started. 
* 
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PX THOLOGY 


The specimens obtained at operatig > 


consisted of a number of pieces of tisgy 


up to fist size of a brown-red-whitis 
colour and irregularly lobulat®d. Cop. 
sistency was firm to bony. Microscopj 
pictures agreed with those of the post. 


mortem findings. ‘.. 
> ° 


Post-mortem findings: There was found 
to exist a bilateral haemothorax wit} 
730 ce blood in the right pleural cavyit 


: o 
and 850 cc in the left. In the 


** 


posterio: 
mediastinum there was encountered ; 
whitish-grey, cartilage-hard, well-defined 
and somewhat lobulated tumour in ap 
operatively changed, Jjtaemorrhagicall 
imbibed area. Along the lefteside of the 
vertebral column, from the level of Th 5 | 
to Ph 7 there was a mass*of tumour tis- fe 
sue, whieh*partly filled the sulcus costo- P) 
vertebralis posteriorly and reached an- | 
teriorly to a plane a few centimeyes 
ventrally of the vertebral column. On f 
the left the tumour ended abruptly 
discoloured 


with a- haemorrhagically 


resection surface, cartilage- to bone-haré 
and in parts disintegrating. ©n_ the §® 
ventral side of the vertebral column Qe 
tumour mass changed over to the right f 
in a tumour lobe of the size of a new: 
born’s head, protruding into the right 
pleural cavipy. Here there were a numbe! 
of loose adhesions to the dorso-medial 
portion of the right lung. Wherease! 
other respects the tumour was sharp) 
defitted and entirely free of+ the® sur 


rounding tissues, posteriorly it was § 
firmly attached to the vertebral column 
at the height of Th 6—7. ‘The tumour wé 
erowing in a claw-like manner around 


. i }, 
these vertebral. bodies, whose breadt! 


" 
- 
a 


| 


| burnett, 
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. closed on both sides of the resec- 
jon with the patient showing only 
hort signs of congestion after the opera- 
jon. Herlitzka & Gale (1958) reported 
wo cases Of osteoc hondroma in the 


posterio! mediastinum, not described in 


jetail. The first was a man, 26 years of 


age, Who was operated on after symp- 


' toms lasting 4 ‘months; at the operation 


, tumour 10> 7 cm was removed; the 


cond case was a 54-year-old woman 


° 
fom whom a symptom-free tumour was 


removed after having increased in size 
during an observation period of two 
years. Z 

These cases, of which the one dn the 
present study ended in the patient’s 
death, support earlier definite warnings 
against delay in cases of mediastinal 
tumours (Heuer & eAndrus: Blades: 
Rosemund & Bucher, 1952: 
Kunkel, 1956; Nelson, 1957; Herlitzka 
« Gale; Streete & Thomas, 1958). The 
mediastinum, with its wealth of organs, 
is the seat of tumours of many different 
kinds; thus Sabiston® & eScott (1952) 
reported l1Ol cases of 26 forms of 
mediastinal tumours. As a result, the 
isk of malignancy “is particularly dif- 
icult to assess; in large series it is stated 
to be between } and } (Burnett 4 al.: 
Ringertz*& Lidholm, 1956; Herlitzka 
‘“lal.; Streete & Thomas). X-ray .exa- 


mination reVeals most mediastinal tu 


mours (Ringertz & Lidholm) and at the 
‘ame time also shows the localization 

a valuable aid to a probability diagnosis, 
a the most common tumours have 
typical predilection positions (‘Brewer & 
Volley, 1949; Kunkel; Herlitzka et al.) 
As Maier (1953) and Freour:& Serise 
1958) have pointed out, there are also 


“4 59° ' raloord 


clinical signs 6f importance, but X-ray 1s 
the most valuable kind of isolated in- 
vestigation, possilSly supplemented with 
special examinations to secure the diag- 
nosis of mediastinal tumour. As soon as 
this, has been established, 
measuPes should not be delayed by un- 
necessary further examination (Sabiston 
& Scott), for the diagnosis depends on 
the study of specimens obtained ag 
operation, ' 

Even the benjgn tumours are clear 
cases for operation; with time they grow, 
*Sroducing pressure Symptoms and in- 
volving greaterisks for their removal by 
operation. According to Maer there are 


only two contra-indications against ope-é 


ration in the case of mediastinal tumour: 
(1) the tumour is secondary or has 
metastasized; (2¥ the patient’s condition 


makes operation inadygsable. . 


SUMMARY 


Osteochondroma in the mediastinum is rare, 
according to large series in the literature. 
A 35-year-old man with this disease was 


operated on, on vital indication, But died when 


. . 7 a 
the tumour proved technically inoperable wu 


spite of its histologically benign character? 
Previously published similar cases are re- 
Rewed. 


The importance of broad indications for 


operation of mediastinal tumours is emphasized 
. 2. 


and receives further suppogt from previous studies 
QO 


ee 
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een 


was considerably reduced, and partly 


filled the sulcus costo-vertebralis on both 
sides. Nowhere were there found changes 
indicating tumour metastasis. The w eight 
of the heart was 330 @ and there was a 
slight hypertrophy of the left ventricular 
changes. The 


wall. No arteriosclerotic 


sutures in. the aorta wall left no gap. 


error 


Further gross pathology of no interest. 
Histological 
tumour of osteoghondromatous character 


study revealed a_ benign 


(see Fig. 7). Thus the tumour was built 
up in its peripheral parts of irregular 
tissue formations with 
The 


cells asa rule were rather thinly spread 


lobular cartilage 


thin fibrous septa interlobularly. 
and of monomor phous character. There 
were, however, isolated areas of a more 
proliferative appearance’ with 


and 


. . ° . 
morphism in the form of some iso- 


greater 


cellularity slight nuclear _ poly- 
- 10 

lated cells wth a somewhat larger or 

the 


parts of the tumour was observed much 


double nucleus. In more central 

endochondral ossification with marrow 
e . 

spaces containing fatty bone marrow, 

in places rather rich in blood-filled ves- 

sels, though without angiomatous fea- 

tures. 


thick. 


showe any sign, of infiltrative growth. 


The tumour wagsurrounded by a 


fibrous capsule and nowhere 


The adjacent lung parenchyma _ was 


compressed and _ atelectatic. Fuyther 


histological examinatiofis supported the 
diagnosis of shock with congested and, 
in places, massively haemorrhagic and 
atelectatic lung parenchyma. 

Osteochondroma in 


Diagnoses: the 


posterior mediastinum, postoperative: 


bilateral haemothorax; congestion, hae- 
morrhages and atelectasis of lungs; hy» 


pbertrophy_of left ventricular wall, slight. 
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DISCUSSION 


The frequency of osteochondroma a. 
mong mediastinal tumgurs is difficult ¢ 
assess, as several surveys of mediasting 
tumours exclude those which take they 
origin from the thoragic Cage in spite o| 
the fact that they 4re clinically similar 
& Andrus (1940) 


chondroma is 


Heuer 
that 


mediastinum 


pointed out 
unusual in the 
and could find in the 
literature only 14 cartilaginous tumours. 
They 
tioned a case published by Graham ir 


1g35: 


oO . : 
the vertebral column and was growing in 


. . ° . 
including malignant ones. men. 


a chondroma which started from 


the posterior mediastinum. Blades (1946 


mentioned among miscellaneous tu- 


mours in fhe mediastinum an osteoe 


which. however. was not 
(195) 


reported the case of a middle-aged man 


°o 
chondrqma, 
° 


described in detail. Ilgenfritz 
with a swelling on the left-hand side. 
of the neck, which for 13 years had pas- 
sed under the diaM#nosis of goitre and had 
been treated with iodine. He was oper- 
ated on, and behind the normal thyroid, 
gland there was a hard tumour; biops\ 
showed osteochondroma. On reoperation 
it was possible to resect the tumour which 
measured 12 x4*6.5 cm, but its pres 
sure on the c@mmon carotid and sub- 
clavian arteries had led to- partly 

reparrable brain damage. Liideke (1957)* 


g 8 0 © 


dearvtnel* a man with a thondroma I*«f§ 


the upper mediastinum, not further 


specified, which had’ been diagnosed / 


years before and which finally com, 


pressed the superior vena cava from the 
rear. On operation it was found neces 
which, owing 


a acts ; : 
sary to divide this vein, 


to a well-developed azygos system could 


me 
1S 
ki 
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Roentgen contrast medium has_ been 
used earlier in certain cases for thera- 
peutic purposes. Demel & Sgalitzer 
1937) and Klein (1937) noted a favour- 
able effece in peripheral circulatory dis- 
turbances after arteriography with 
iodopyracet’ (Perabrodil). The former 
authors observed by chance that marked 
improvement took place in immediate 
association with arteriography in a casée 
of Raynaud’s gangrene. ‘They therefore 


started to use iodopyrace® in the treat- 


ment of other patients with peripheral - 


circulatory insufficiency. Distinct im- 
provement was seen in a number of 
cases. The warmth of the extremities 
increased, and the pain disappeared. 
The improvement often persisted for 
come time “after treatment. Its effects 
were ascribed to the vasodilator proper- 
ues of the contrast medium in question. 

Klein also treated patients with peri- 
pheral circulatory insufficiency in this 
way. [he examinations were performed 
systematically, -with repeated  intra- 
arterial injections of Perabrodil and 
Uroselektan. The capillary circulation 
Was also studied (Klein & Spiegel, 1936). 


In a first phase, immediately after injec- 


10n, vasodilatation was maximal, with 


marked hyperemia and an increase in 
the number of open capillaries. This was 
accompanied by a decrease in oxygen 
diffusion in the tissues, and a rise in the 
oxygen content of the venous blood: In 
a second phase, the oxygen uptake in- 
creased in the tissues. The arteriovenous 
oxygen difference then rose to consider- 
ably in excess of normal. With large doses 
of contrast medium, this phase occurred 
after 10-20 minutes, and with small 
doses after 3—5 minutes. Klein stated 
that marty of the patients had Been di- 
stinctly improved by this treatment. This 
field of application of Perabrodil .nd 
Uroselektan hasy however, practically 
fallen into oblivion. 

Since the vasodilator effect of sodium 
acetrizoate is considerably greater than 
that of iodopyracet, it was considered of 
interest to test it as a therapeufic medium 
in peripheral circulatory disturbances. 
Sodium acetrizoate (Acétiodone, Diagi- 
nol, Rheopak, Triurol, Urokon) 1s a 
roentgen contrast medium that has been 
used since about 1950 for, e.g. angio- 
graphy. Its importance as contrast me- 
dium has, however, beemreduced after 
the introduction of others of the diatri- 


a : 9 
zoate type (Hypaque, Renografin, Uro- 
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® ill no pulsations. Ten ml of 70 % sodium 
acetrizoate ‘Rheopak, Astra, ,. Sweden) 
were then injected into the proximal 
part 0! the brachial artery through a 
narrow catheter. This produced violent 
pain, but the blood immediately started 
to pulsate strongly through the vessel. 
The incision in it was resutured, and 
good circulation was then present in the 
forearm and hand. No circulatory distur- 
bances could subsequently be observed 
in the arm. ’ 
Case 2.—A 23-year-old woman with 
aortic stenosis combined with aortic 
incompetence. A no. lO single-lumen 
catheter was inserted into the right radial 
artery under local anesthesia (lidocaine 
without addition of a vasoconstrictor). 
During the’ manipulations, the brachial 
artery contracted, so’ that the catheter 
could be withdrawn from the vessel only 
with difficulty. Ten ml of 70% sodium 
acetrizoate (Rheopak) were injected into 
the axillary artery via a narrow catheter. 
Injection produced fairly great, imme- 
diate pain in the arm. The original 
catheter was reintroduced, and cathete- 
rization could then be performed without 
any difficulty. No spasm occurred in the 
vessel during the rest of the examination. 

Case 3.—A 30-year-old woman with a 
cyst of the right lung. It was intended to 
introduce a double-lumen catheter with 
balloon ifito the thoracic aorta via the 
left radial artery. The radial and ulnar 
arteties, were exposed under local anes- 
thesia (lidocaine without addition of a 
vasoconstrictor). Both vessels were fairly 
slender, and the catheter could not be 
introduced into’ either of them. An 
attempt was then made to dilate the 


ulna) irtery with the help of sodium ace- 


@ 
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trizoate. 
introduced through the incision into the 
lower part of the brachial artery, where 
10 ml of 70 % sodium acetrizoate (Rheo- 
pak) were injected. The patient felt 
intense but brief pain. ‘The arteries dila- 
ted immediately; the balloon catheter 
could then bes introduced through the 
vessel, and the examination carried out as 
planned. No complications occtirred in 
connexion with it. 


OBSERVATIONS ON CATS 

The blood flow in the femoral vein 
was recorded with a similar method to 
that described earlier (Lindgren & ‘Tor- 
nell). A local increase in vascular tone 
was produced both by electric stimula- 
tion of the abdominal sympathetic chain, 
and by intra-arterial infusion of noradre- 
naline. ° 

‘Th the anesthetized cat, normal vascu- 
lar tone is usually maintained with an 


impulse frequency in vwasoconstrictor 


nerves of 1—2 per second (Folkow, 1952), 


whereas 6-8 per second are stated to. 


“ive almost maxim&l vasoconstriction. 
In our experiments, stimulation took 
place with 10 impulses per second, which 
produced marked vasoconstriction with 
a great reduction in the blood flow. 

A typical experiment is shown in Fig. 
1. During vasoconstrictlon—the blood 
flow was reduced from 3.5 ml/min. to 
| m]/min.—0.2 ml of 50% sodium ace- 
trizoate (Triurol) was injected intra- 
arterially. Despite continued st#mulation 
of the sympathetic chain, the blood flow 
then increased to || ml/min. In order 
to ascertain’ whether the eflec® of the 
entirely 


sympathetic impulses ceased 


A thin plastic catMeter was_ 
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orafin), which have been considered to 


have fewer side effects. 

It has been demonstrated earlier ‘that 
intra-arterial injection of sodium acetri- 
zoate (Triurol), even in small doses, 
produces considerable local vasodilata- 
tion in the peripheral arteries of the cat 
‘Lindgren & Toérnell, 1958). It was.found 
that the blood flow could increase up to 
10 times the initial value in 10-20 mi- 
nutes. The vascular reaction was the 
same in all the tissues studied, 1.e., skin, 
skeletal muscles and intestines. _Dilata- 
tion of the cerebral vessels could also 
be demonstrated in carotid angiography 
with acetrizoate (Kagstrém, Lindgren & 
Térnell, 1958). 

A report is given in the following of 
tests of sodium acetrizoate as a ¢hera- 
peutic medium in three human subjects. 
Animal experiments have also been per- 
formed. A study was made of the im- 
portance of the “innervation for the 


reaction of the vessels of the peripheral 


emuscles to sodium acetrizoate. 


‘ 
OBSERVATIONS OX HUMAN” 
SUBJECTS . 

The vasodilator effect of sodium acetri- 
zoate on the peripheral arteries was 
tested in three human subjects. In two 
cases it was a question of acute arterio- 
spasm, presumably as a result of cathe- 
terization. On «intra-arterial injection of 
acetrizoate, the spasm was relieved imme- 
diately, and did not recur. In the third 


ease, an artery (ulnar artery) proved to 


be too narrow to allow catheterization. 


After injection of acetrizoate, the vessel 
dilated, so ihat the catheter could -/be 
introduced. 


Case 1.—A 40-year-old man with »— @ 


tumour of the stomach. Aortography 9 
the coeliac vessels was performed. Afte 
premedication with morphine and SCOpo. 
lamine, a double-lumen catheter wy} 
balloon was introduced via the radia) 
artery under local anesthesia (lidocaine 
without addition of a vasoconstrictor, 
The catheter advanced without difficy)p 
to the superior part of the abdomina’ 
aorta, where the contrast medium was 
injected. The dose was 0.7 ml of 60° 
Lrografin (diatrizoate) per ke of bod 
weight. The catheter was withdrawn. 
and the artery sutured with 4-0 Deknate! 
silk. Good pulsations were present distal 
to the site of suture. 

Between 15 and 20 minutes. after 
suture of the skin, the pulsations in the 


radial artery ceased.*Papaverin (10 cg 


was injected subcutaneously; two hour | 


later, the radial pulse was*still impalp- 
able at the wrist. The hand was blanched, 
with incipient flaccid paralysis. Thee 
radial artery was exposed through the 
earlier incision, and the sutures in the 
vessel rergoved. No blood pulsated from 
. ° 
the vessel. The incision was prolonged 
to 10-12 cm in length, so that the distal 
part of the brachial artery was exposed: 
it was found to be greatly contracted. 
On cautious passage of a ureteral cathe- 
ter into the brachial artery, a small 
quantity of blood pulsated from the 
opening in the vessel for a short time, 
after which the pulsatidns again ceased. 
Bloeking of the stellate ganglion had ne 
effect. Local injection of 2% procaine 
into the brachial artery via a cathete! 
and periarterial application of procaine 
also failed to relieve the vasospasm. 
After 2 “urther two hours, there» wert 


si 


At 
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Fig. 2. Cat 3.8 kg. Dial anesthesia: 60 mg/kg body weight. Acetrizoate-induced vasodilatation before and 


after sympathectomy. /, Intra-arterial injection of sodium acetrizoate (0.2 ml, 50%); 2, 
. 8 : . 
after momentary reduction of vascular tone, the flow gradually returned to the 


® mpathee tomy 


abdominal 


initial level; 3, one hour later, repeated injection of 0.2 ml of sodium acetrizoate. 


3 


duced vasodilatation and an increase 


eee so @ ors 


~ in flow. It can therefore be concluded 


that the acetrizoate eflect is probably 


due to a direct action on the vascular 


muscles, and not on the sympathetic . 


transmission. [he tone is, however, evi- 
dently regained somewhat more rapidly 
ffter the acefrizoate effect in a vasomo- 
<orially denervated leg, but it is difficult 
to state whether this difference is depen- 
dent on its higher myogenic tone or on 
other factors. 


3 
DISCUSSION 
The investigation presented here is 
2] 
with those 


not entirely comparable 


; . ° . ° . 
mentioned in the introductiofrf. i.e.. those 


ol Demel & Sgalitzer and Klein. In the 


first, place, we used a different contrast 
medium. Furthermore, ne chronic circu- 
latony instfficigncy wads present .in otr 
The 


human. subjects nevertheless indicate 


patients, | observations made in 


that s dium acetrizeate has a very mar- 


ked \ sodjator action on, the arteries of 


the eC 


SEV) ‘aS SpasmM. 


remities, even in the presence of 


We cannot state with certainty 


whether the arteriospasm was neurogenic 


o . . . 
or myogenic in oyr patients. In case l, ° 


it is likely that it was a question of myo- 
, ; ce] . 
genic vasospasm, since blocking of the 


stellate ‘ganglion was ineffective. Our 


*®earlier animal experiments (Lindgren & 


Toérnell, 1958) lend support to the view 
that acetrizoate probably ¢has a direct 
chemotoxic action on the vascular mus- 
because * vasodilatation 


cles. ‘This 1s 


‘appeared in both innervated and dener- 


vated vessels. and even when vascular 
tone was considerably raised by stimula- 
trunk, for 


tion of the sympathetic 


instance. awe ¢ 

The experimental resylts thus mdicate 
that acetrizoate has an effect’ on both 
myogenic and neurogenic vasospasm. 
[t is, however, conceivable that the great 
increase in blood flow after acetrizoate 
that takes place in highly vascular tissues, 
such as the skeletal muscles, produces 
falling pressure in the peripheral arteries. 
This may be associated with a temporary 
impairment of circulation in less vascular 


structures, such as the skin, evere though 
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during dilatation with acetrizoate, the 
stimulation was interrupted at 3 in the 
figure. This resulted in.A certain increase 
in blood flow, but not a marked one, 
indicating thmt the vasculare paralysts 
had been fairly severe. Injection of act- 
trizoate did rtot, however, give rise to 


any lengthy vascular paralysis, since 


when vascular tone had become norma- 


lized after 10 minutes—the normal re- 
sponse to stimulation of the sympathetic 
chain reappeared. 

Vasoconstriction produced by _ exo- 
genous administration of noradrenaline 
‘Intra-arterial injection) can, also be 
inhibited by small doseseof acetrizoate. 
Moreover, during acetrizoate-induced 
dilatation, the vessels 


are relatively 


insensitive to intra-arterially injected 


*) , : : 
noradrenaline,-even in fairly large doses. 


Lindgren & ‘Térnell). 


In order to study the importance of 


the vasomotor innervation for acetri- 
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Fic. |. Cat 1.7 kg. Dial anes. 
thesia: 45 me/ke bod 
weight. Influence-ofse, tro 
acetrizoate on the reduced 
muscular blood flow during 
sympathetic  sfmulation. 

/, Electric stimulation of 

abdominal 

chain 10 = impulses/sec.. 

2 V): 2, intra-arterial ip. 
jection of sodium acetrizo- 
ate (0.2 ml, 50%): 3. end 


sympatheti 


tion repeated. 


zoate-induced vasodilatation, the follow- 
ing experiment was made (Fig. 2). The 
usual, practically maximal dilatation 
was produced by intra-arterial injection 
of 0.2 ml of 50 % sodium acetrizoate into 
the hind leg. The femoral blood flow 
increased rapidly from 6 ml to about 36 
ml per minute. After 1—2 minutes the 
vascular tone gradually recovered and 
the blood flow reached its normal level 
within 15 minutes. The sympathetic 
chain, which had been exposed earlier in 
the experiment, was then excised on the 
right side, peripheral to L,. A temporary 
increase in* blood flow then occurred, 
as a result of vascular paralysis when the 
sympathetic vasoconstrictor impulses 

ceased. The vascular. ntuscles, however, 

soon regained. their tone, which was then 

myogenic. As can be inferred from Fig. 2: 

the blood flow had returned to the norma! 

level after about one hour. A repeated ” 


injection of acetrizoate once more pr 


~@f-stimulation: 4:%timulat*’ 
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It has been demonstrated earlier by The following experiment was made 
Fernstrom & Lindblom (1955), among to test the possibility of obtaining stereo- ae 
others, that excellent stereoscopic “pic- scopic angiograms of the @oronary ves- 
| tures can be obtained of the abdominal sels. Two roentgen tubes were placed *° 
q aorta and its branches. One of the chief side by side, with an angle of 5° between 
technical prerequisites has been the pos- the central rays. Qwing to the size, of 
« ) sibility of reducing the time interval the tube housings the focus-film distance ° 
" between two exposures of the opacified with this angle Was as large as 1.4 m. 
: vesels to a minimum: This has been . Each tube was fed by a separate 150 kV, ; 
: achieved with rapid serial film changers 6-valve apparatus, which permitted 
4 now available. As far as the abdominal intermittent exposure with each tube. A 
, vessels are concerned, the conditions serial film changer (Elema type) was 
i are relattvely favourable. This is because used, with a 30-cm wide roll film. The 
E » positional changes in the vessels between exposure timre was 0.017 sec, with an 
2 exposures of the stereoangiograms are interval of 0.040 sec between each pair 
» | not necessarily particularly marked. The of exposures. , 
7. Fe respiratory d&iplacements of the abdomi- A dog weighing about 10 ko was 
ng nal vessels that m&y occur can be fairly anesthetized with sodium pentobarbital _ 
F easily avoided. | injected intraperitoneally, and intubated: 
4 Considerably greater difficulties are It was “then placed, ‘lying on its back, 
associated with thoracic stereoangio- beside the vertical plane of the serial 
n — #aphy. Respiratowy changes in position * film changer. A catheter was introduced 
of the heart and vessels, as well ‘as posi- into, the ascending aorta through the 
: uonal changes due to the cardiac pulsa- carotid artery. The contrast medium (1 
| lions, greatly: hinder use of the stereo- ml of 76 per cent Urografin per kg of body . 
al | ‘eopic technique for a study ‘of the heart weight) was injected through the catheter | 
y. and thoracic vessels with injection of above the aortic valve, with simultaneous 


Contras! medium, ° insufflation of oxygen through the bron- 


_ 


(_vatdord 
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vasodilatation appears here as well, as 
discussed earlier (Lindgren & To6rnell). 
This could explain why Shaw (1996), 
for instance, observed a decrease in blood 
flow in the toes after femoral arterio- 
graphy with acetrizoate. 

For the therapeutic use of sodium 
acetrizoate, the fact that it 1s a roentgen 
contrast medium is presumably irrele- 
vant. Investigations are now being-made 
a to ascertain whether the corresponding 
the three iodine 


compound without 


atoms. i.e.. sodium 3-aminobenzoate. 
has similar vascular eflects. 
It has not been the intention in this 


paper to give any recommendations“tor 


4 


the therapeutic use. .of, sodium...acetri- 

zoate. We have only wished to point out 

that, in patients with acute spasm in the 

arteries of the extremities, sodium ace- — 
. trizoate can be tried in addition to other 


: spasmolytics. As far as the eventual use 


of acetrizoate in acute, seyere vasospastic 
conditions is concerned, it is obviously 

important—as applies to other spasmo- 

‘lytic measures—to institute therapy at 
an early stage, before thrombotization 

of capillaries and arterioles has.occurred. 
“We also wish to stress the risk of brain 


of 


sodium acetrizoate in large doses gnd 


damage associated with injection 


* high concentration into the brachial 


~ 
artery, should the substance flow in the 


> 
retograde direction, and pass into the « 
vertebral and carotid arteries. 


a . 


SUMMARY 


: Sodium acetrizoate has been observed to have 

° a spasmdlytic effect on the arteries of the extfe- 
mities in three fuman subjects, 

In the cat, marked vasodilatation has’ beén 


found to result from intra-arterial injection of 
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It 


effect is due largely to a direct action of 


sodium acetrizoate. is considered that 4); 
iis 


the Con. 
trast medium on the vascular muscles, and th», 
it is independent of the innervation. a 
On the basis of observations inchuman subjects 
and in the cat, it is suggested that, in acute spasm 
of the arteries of the extremities, intra-arteria) 
injection of sodium acetrizoate can be tried. jp 


addition to customary spasmolytic measures. 
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The Elimination Rate of Heparin from Plasma on 


Normothermic and Hypothermic Dogs 


PER OLsson, GORAN WILLIAM-OLSSON and HANs LAGERGREN 


In order to decrease the demand of high 
perfusion minute volumes dfiring extra- 
corporeal circulation, ECC, is.sometimes 
combined avith hypothermia (Senningy 
1954; Crafoord & Senning, 1956; Young’ 
Sealy, Brown, Hewitt, Callaway, Mer- 


ritt, & Harris, 1956). ECC, however, 


calls for heparin as an anticoagulating * 


medium. For a correct dosage of heparin 
and its antidote it is important to know 
“ pp tiny os : 
if the elimination of heparin during 
hypothermia deviates from the condi- 
tions of normothermia. 
. 
In this work results are presented from 


experiments on the elimination of hepa- 


. ® e . 
rin from the plasma in normothermic and 


hypothermic dogs. 
a ° 
MATERIAL AND METHODS 
° 
The experiments have been carriegl 
out on ten mongrel dogs anesthetized 
with Nembutal Abbot 


intraperitoneally. Five adult animals and 
¢ oe 


30 mg/ke bw 


five puppies, whose “age varied between 


live used. 


and months. 


seven were 
Heparin Vitrum,*con®fining 100,1 U/mg 
Was given ta, diflerent animals at “he 
doses 2. 4 and 6 mg/kg bw. 

The ieparin elimination from plasma 
has been ‘carried owt for eath dog in 


et & 


normothermia (35—37°C rectal tempera- 
ture), and about 10 days later with the 
same quantity of heparin, at hypo- 
thermia (28—-30°C) obtained by surfacee 
cooing in an ice water bath. Severe 
shivering, if any, was prevented by 
further Nenibutal intravenously. ‘Respi- 
ragion was spontaneous in all experi- 
The 


cannulated via a peripheral,svein bya « 


ments. inferior vena cava was 
thinplastic-catheter through which the 
heparin was ‘injected and the blood 
sampled. After the heparin § injection 
and the Blood sampling, the catheter 
was carefully-vinsed>“Alre*sante*method **", 
of 


determination was used as described in 


of sampling blood and heparin . 


a previous paper published ley Blomback, 
Blomback & Wallén [1955); Blomback, 
Blomback, Olsson, William-@lsson & 


. oo . 
Senning (1959). ‘ 

The first sample was taken 5 minutes 

alter the heparin injection and there- , 


after every 20 minutes during a period * 


of 3 hrs. to 3hrs. and 40 min. . 


RESULTS 
The plasma heparin value dettrmined 
5 minutes affer heparin injection was 


excluded. All of the values-of heparin 
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Fic. 1. Thoracic aortography in the dog. Stereoangiograms of the aorta, coronary vessels and bronchial 
arteries. Part of the contrast medium has regurgitated into the left ventricle. Ct 
CC 
| 
chial tube to a pressure of about 25 cm pear more distinctly, and their course S 
of water. Application of constant intra- can easily be followed stereoscopically. [rj 
bronchial pressure produced a_ brief C 
period of apnoea with the thorax in the a hehe n 
| 7 SUMMARY | 
inspiratory position, and concurrent a 
temporary arrest of the circulation It has been possible, in experimental stereo- if 
through the aorta ‘This was done to angiography in the dog, to obtain stereoscopi h 
facilitate passage of the c a. di pictures of both the coronary arteries and aorta, ' 
lacilitate passage olf the contrast medium 7 a 
f ' F ' as well as of the bronchial and mediastinal arte- 
‘Or > asce r aort: ( - - : 
rom me ascending aorta into tne ries. With sufficiently rapid changing of the tw 
coronary vessels. Simultaneously with stereoprojections, the Spufsations of the heart do c 
inflation of the lungs and Injection of -not form any decisive impediment to obtaimng i 
° ; italia ° , — ce veceele "The recniratorn 
the contrast medium into the aorta, stereoangiograms of these vessels. - ae | 
: yositional changes in the heart and vessels cal 
the stereoangiograms were exposed with — Aes | Mabe 
) relatively easily be overcome if the examination 
a frequency of 3 exposures per second : 7 

is performed under anesthesia. 
with each tube. 

Fig. | shows a pair of stereoscopic . 
pictures made in the experiment. The e REFERENCES \ 
aorta with the coronary vessels. as we : | oe on 

eee ' as well FeRNSTROM, I, & LinpBLom, K.: Simultaneou ) 
‘mediastinal ¢ ‘onchial arteries ‘aoe maeee © . 9! O55 
is the mediastinal and bronchial arteries. stereoangiography. Acta radiol., 44: 230, 1955 
are filled with contrast medium. Despite HAusster, G.:¢ Uber stereoskopische Arter | 


the movements of the heart, the posi- 
onal changes of the coronary vessels 
are so small that the stereoscopic ‘effect 
is not markedly disturbed. The tortuous 


mediastinal and bronchial arteries ap- 


° . a 
gramme der Carotis interna. Zbl. Neurochtr., - 
313, 1938. 

Rencz, A.: Der Stereo-Arteriograph, Fortsch 
Réntgenstr., 54: 404, 1936. ene 

ZIEDSES pes PLantes, B. G.: Cerebral stercoang” 
graphy. Avta radial., 34: 4 Ll, 1950. 
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THE ELIMINATION RATE OF HEPARIN FROM PLASMA IN DOGS 26] 


TABLE. 


net AAA 


el 


™ 


Time in min. for 50 % decrease 


1) sage 
of hep. of plasma hep. concn. 
ng/kg bw Normothermia Hypothermia 
Adult dogs 
b 7/ 128 
// 148 
{ 8] 100 
74 196 
2 >| 68 
Puppies 
ty 92 ‘ L110 
D2 128 
as 7] 244 
38 85 
tS AD 


and the metabolism of heparin proceeds 
under normal circumstances are not 
completely known. Copley & Schne- 
dorf (1941) have, however, shown in 
dogs excretion of heparin in urine, and 
(1954) 


point to deterioration of heparin in the 


investigations by Monkhouse 
liver. With this information as a_ back- 
ground it is of interest to compare the 
results in our experiments to the decrease 
in kidney function in hypothermia shown 
by Bergstrand & Sterky (1954) and to 
Brokaw’s experiments on dogs (1949) 
which show a considerable decrease in 


bromsulphalein excretion at 30°C rectal 


DISCUSSION 

The value of plasma heparin obtained 
) minutes after heparin injection varied 
considerably in relation to subsequent 
values and it is considered that this fact 
is caused by insufficient time for distri- 
bution of heparin in the blood volume 
and diflerent organs. ‘This phenomenon 
warrants further investigation and lies 
outside the scope of the present work, so 
we have excluded this value when deal- 
ing with the values for the heparin 
elimination. 

The material is heterogeneous as to 
the animals’ age and heparin dosage to 
establish the difference in disappearance 
of «heparin during normothermia and 
hypothermia. Thus in all cases‘a slower 
elimination of heparin from the plasma 


1S 


observed during hypothermia com- 


Pared with normothermia. 


Since hypothermia is generally con- 
sidered! to decrease the biological acti- 
“ues, ‘he results of these experiments 
are 


» ».e expected. How the excretion 


* 


Se see tse se eee 


temperature. 

The diminished blood circulation and 
the lowering of O, consumption at hypo; 
thermia has been demonstrated by a 
number of author# as Bigelow, Linglsay, 
& Greenwood (1950), Hegnauer, Shriber 
& Haterius (1950), and Juvenelle, Lind 
& Wegelius (1952). Blood pressure ayad 
pulse rate are affected (Hegnauer et al., 
1950), and Penrod (1949) has shown 
that O, consumption to a large extent 
is influenced by various degrees of 
shivering and that the variations have 
their maximum at 27-30°C. In order to 
safeguard ‘spontaneous respiration at 
hypothermia the anesthesia has in 
several of our experiments ‘been super- 
ficial with slight shivering. Additional 
doses of Nembutal were only given to 
prevent severe shivering. The great 
scattering in the time of the fifty per 
cent elimination of plasma heparin at 
hypothermia—at thé most 244 minutes 
and least 68 minutes—may therefore be 
partially explained by the effect of 
anesthesia variations on circulatory con- 
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Heparin e 
lu/ml plasma 
10 


g 
=) 


30 60 Min. 


Fic. 1. The elimination of heparin in a puppy 
during normothermia and hypothermia. Dots 
indicate normothermia and _ crosses hypo- 
thermia. 


concentrations in plasma from the rest 
of the samples varied between 9.1—0.26 
[U/ml plasma. 

The plasma heparin elimination cur- 
ves for a puppy at normothermia and 
at hypothermia are shown in Fig. 1. 
In this case the first plasma _ heparin 
value—twenty-five minutes after heparin 
injection—lies lower at hypothermia 
than at normothermia, but in the total 
material the variations were large in 
this particular ‘respect. The plasma 
heparin levels Were not in direct pro- 
portion to the -dosage -of -heparin ‘in 
different dogs in either normothermia 
or hypothermia. 

For each experiment -the values of the 


heparin concentration were plotted in a 


semilogarithmic scale in per cent of the 


value obtained at 25 minutes. The plots 


were computed in regression, ahd the 
& 


Plasma Heparin 
level 


ys 9.8-0.21x 


20- 


10 ' ' | ' ' ' ‘ ' 


0 30 60 120 
Min. 


Fic. 2. The elimination of heparin in semiloga- 
rithmic scale in an adult dog. Dots indicat 
normothermia and crosses hypothermia. 
is 0.99 and 0.98 respectively. 


time for fifty per cent decrease of the 
plasma heparin concentration was ob- 
tained on the regression line. It appeared 
that the elimination curves both at 
normothermia and hypothermia were 
exponential, as illustrated in the case in 


Fig. 2. The condition is similar in alt the 


U 


? . 
experiments, and 7? (the strength ol 


regression), when caleulated on nine to 
eleven values from each dog, varies iD 
the total material between 0.95 and 1.00. 

The ‘fifty per cent decrease of the 
heparin concentration in the two groups 
Was determined ‘and the” results appeal 
in the table. The ayerage time in the 
nofmothermic group is 63 minutes and 
in the hypothermic group 128 minutes. 
When the values are matched in pall 
and the mean difference is calculated 
and tested for significance, P 0.001 1s 


obtained. 
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TABLE. ° 


nl 


A 


Dosage Time in min. for 50 %o decrease 
f{ hep. of plasma hep. concn. 


mg/kg bw Normothermia Hypothermia 
Adult dogs 

6 // 128 
7/7 , 14 

{ 8 | LOO 
74 196 

9 5] 68 
Puppies 

6 52 110 
52 128 

t Ji 24 
38 85 

48 80 


DISCUSSION 

The value of plasma heparin obtained 
) minutes after heparin injection varied 
considerably in relation to subsequent 
values and it is considered that this fact 
is caused by insufficient time for distri- 
bution of heparin in the blood volume 
and diflerent organs. ‘This phenomenon 
warrants further investigation and lies 
outside the scope of the present work, so 
we have excluded this value when deal- 
ing with the values for the heparin 
elimination. 

The material is heterogeneous as to 
the animals’ age’ and heparin dosage to 
establish the difference in disappearance 
of heparin during. normothermia and 
hypothermia. Thus in all, cases a slower 
elimination of heparin from the plasma 
IS Observed during hypothermia com- 
pared with normothermia. 

Sin 


sidere: 


nypothermia is generally con- 
‘0 decrease the biological acti- 
“tues, ‘he results of these experiments 


are {0  \e expected. How the excretion 


and the metabolism of heparin proceeds 
under normal circumstances are not 
completely known. Gopley & Schne- 
dorf (1941) have, however, shown in 
dogs excretion of heparin in urine, and 
Monkhouse’ (1954) 


point to deterioration of heparin in the 


investigations by 


liver. With this information as a back- 
ground it is of interest to compare the 
results in our experiments to the decrease 
in kidney function in hypothermia shown 
by Bergstrand & Sterky (1954) and to 
1949) 


which show a considerable decrease in 


Brokaw’s experiments on dogs 


bromsulphalein excretion at 30°C rectal 
temperature. —s 

The diminished blood circulation and 
the lowering of O, consumption at hypo- 
thermia has been. demonstrated by a 
number of authors as Bigelow, Lindsay, 
& Greenwood (1950), Hegnauer, Shriber 
& Haterius (1950), and Juvenelle, Lind 
& Wegelius (1952). Blood. pressure and 
pulse rate are affected (Hegnauer et al., 
1950),. and Penrod (1949) has shown 
that O, consumption to a large extent 
is influenced by various degrees of 
shivering and that the variations have 
their maximum at 27—30°C. In order to 
respiration at 


safeguard spontaneous 


hypothermia the anesthesia has in 
several of our experiments been super- 
ficial with slight shivering. Additional 
doses of Nembutal were only given to 
severe shivering. ‘The 


prevent great 


scattering in the ‘time of the fifty per 


cent eliminatiqn of plasma heparin at 


hypothermia—at the most 244 minutes 


and least 68 minutes—may therefore be 
partially explained by the effect of 
anesthesia variations on circulatory con- 


ditions. 
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Heparin 
lU/ml plasma ¢ 
10- @ 


o~., 
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Fic. 1. The elimination of heparin in a puppy 
during normothermia and hypothermia. Dots 
indicate normothermia and _ crosses hypo- 
thermia. 


concentrations in plasma from the rest 
of the samples varied between 9.1—0.26 
[U/ml plasma. 

The plasma heparin elimination cur- 
ves for a puppy at normothermia and 
at hypothermia are shown in Fig. 1. 
In this case the first plasma heparin 
value—twenty-five minutes after heparin 
injection—lies lower at hypothermia 
than at normothermia, but in the total 
material the variations were large in 
this particular respect. The plasma 
heparin levels were not in direct pro- 
portion to the dosage of heparin in 
diflerent dogs in either normothermia 
or hypothermia. 

For each experiment the values of the 
heparin concentration were plotted in a 
semilogarithmic scale in per cent of the 


value obtained at 25 minutes. The plots 


were computed in regression, and the 


°o 


Plasma Heparin 
level 


10 La mi ! | ' ‘ ' ' 


0 30 60 120 
Min. 


Fic. 2. The elimination of heparin in semiloga- 
rithmic scale in an adult dog. Dots indicat 
normothermia and crosses hypothermia. 
is 0.99 and 0.98 respectively. 


time for fifty per cent decrease of the 
plasma heparin concentration was ob- 
tained on the regression line. It appeared 
that the elimination curves both al 
normothermia and hypothermia were 
exponential, as illustrated in the case in 


Fig. 2. The condition is similar in all the 


experiments, and r? (the strength 0 


regression), when calculated on nine to 
eleven values from each dog, varies 10 
the total material between 0.95 and 1.00. 

The fifty per cent decrease of the 
heparin concentration in the two groups 
was determined and the results appea! 
in the table. The average time in the 
normothermic group is 63 minutes and 
in the hypothermic group 128 minutes 
When the values are matched in pall 
and the mean diflerence is calculate¢ 
and tested for significance, P 0.001 1 


obtained. 
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From the Pediatric Clinic, Karolinska Sjukhuset, Stockholm 


Fatal Duodenal Hemorrhage in an Infant 


with Cardiac Malformation 


a 


(JSORAN WALLGREN and SALVADOR PALMA 


Peptic ulcer and its complications, 
formerly thought to be an uncommon 
affliction during infancy and childhood, 
have been reported so frequently in the 
literature that this disease should now 
occupy an important place in the dif- 
ferential diagnosis of gastro-intestinal 
disorders in infants and children. 

The iticidence of the disease is difficult 
to assess, as we have no means of telling 
the number of undiagnosed cases in this 
age group. Holt (1913), Proctor (1925), 
Berglund (1929), Guthrie (1942) and 
Goldsberry (1951) have all, in an effort 
to obtain some information as to the 
lrequency of the disease, studied large 
series of autopsies in children. From 
their figures it seems reasonable to as- 
sume the frequency of peptic ulcers in 
this age group to be in the range of 1- 
1.9%, a vast majority of them being 
duodenal ulcers. These figures, how- 
ever, do not represent the true overall 
irequency, as many of the reported ulcers 
are apt to be secondafy to some other 
underlying disease in this material, and 


they should consequently be considered 
too hy) 


An 


1 for the general population. 
ver study to determine the fre- 


quency of the disease was carried out by 
Hutchins in 1944, who collected from 
the literature 243 cases of peptic ulcer in 
infancy, and by Alexander in 1955, who 
found in the literature reports of 50 cases 
of gastric ulcers in children. 

The distribution of the disease in dif- 
ferent age groups was studied by Karl- 
strém in 1949 in a material of 30 cases. 
He found the highest incidence in the 
age group 10-15 years. In 1953 Girdany 
reported an even distribution from 3 
years of age and upwards in his material 
of 45 cases, and found no cases under 14 
months of age. In 1941 Bird et al. also 
studied the distribution in 245 cases of 
duodenal ulcers in children reported in 
the literature, and found no fewer than 
45 cases.among infants less than 2 weeks 
old. The high incidence among the 
new-born can probably be explained by 
the fact that in this age group the ulcers 
are usually secondary to other diseases, 
and the diagnosis is in the vast majority 
of cases made on the autopsy table. 

Bonnaire et al. (1916), ‘Thelander 
(1939), Herbut (1943), Kellog (1951), 
Robertson (1954) and Abramson et.al. 


(1957) have all reported ulcers in the 
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“Wad tries SUMMARY 


The elimination of intravenously administered 
heparin from the plasma is followed in ten dogs 
both at normothermia and at hypothermf (28- 
30°C rectal temperature) through direct deter- 
mination of plasma heparin. The elimination curve 
was exponential within the investigated ranges 
and.the time for fifty per cent decrease of the 
heparin concentration was significantly longer at 
hypothermia than at normothermia—on an ave- 
rage 128 minutes compared to 63 minutes respec- 


tively. 


ae 
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,orta and the pulmonary artery. The 
width of the aortic ostium was ap- 
proximately 26 mm and_that.-of.-the 
pulmonary. artery 35 mm. The valves 
were all normally developed. The féra- 


men ovale was closed and no other atrial 


there was a defect in the muscular part 
of the septum measuring |2 mm in 
circumference. No other defects “were 
present in the cardiovascular system. 
Distal to the pylorus there was a mucosal 
erosion about the size of a pea, and the 
microscopic examination revealed a 
duodenal ulcer that perforated the 
muscular wall and penetrated to the 
pancreas. ‘The intestines distal te. the 


ulcer were filled with tar-colored masses. 


DISCUSSION 


A sine qua non for the development of a 
peptic ulcer is the presence of a sufficient 
amount of gastric acidity. In 1942 Miller 
studied the gastric juice in prematures 
and normal new-born infants and fol- 
lowed the changes in acidity during the 
irst years of life. He concluded that in 
normal infants there is during the first 
days of life a high acidity in the ventricle 
whicli gradually decreases, and is not 
regained until around three years of age, 
while in prematures a complete achlor- 
hydria is a common finding. The pre- 
requisite of an acid gastric content is 
thus present in most new-born infants. 
The development of a peptic ulcer, how- 
‘ver, also depends upon the presence of 
4 locus minoris resistentiae in the gastro- 
intestinal mucosa itself. This mucosal 


defect in the new-born is usually. pro- 


* 


duced by associated diseases or malfor- 
mations. 

Herbut (1943) and Sarinang (1956) 
reported cases of peptic ulcers in infants, 
where congenital malformations in the 
G.I. tract were supposed to be the 


etiologitaltactor. Others—-Gerdine-et-al:, 


1915; Kempton ef al., 1953) have sug- 


gested infections as the main provocation 
for the -ulcer; and traumatizing condi- 
tions, such as burns have also been 
reported as initiating factors (Curline 
1842). It is generally agreed that the 
more cachectic infants are, the more 
liable are -they to develop gastro-inte- 
stinal ulcers (Karlstr6m, 1949; Bernheim 
et al., 1954). Since Cushing in 1932 
pointed out the relationship between the 
mid-brain and gastro-intestinal ulcera- 
tion, which is due, he suggested, to 
changes in the vasomotor system in the 
brain, other authors have reported this 
encephalo-intestinal interaction also in 
children (Opper et al., 1938; Schlum- 
berger, 1951). | 

It is evident that there is a rich variety 
of etiological factors responsible for the 
production of peptic ulcers in infants, 
quite apart from the wide field of cases 
of psychosomatic genesis occurring in 
the adult. 

It seems plausible that the circulatory 
changes, as well as the influence upon 
the physical properties and oxygenation 
of the blood in infants with cyanotic 
heart disease, might constitute the neces- 
sary conditions for the initiation of a 
mucosal damage. In 1950 Friesen, in an 
attempt to explain the genesis of the 
“Curling ulcer’, demonstrated experi- 
mentally that hemoconcentration alone 


is capable of initiating the production of 


« 
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newly born with fatal complications, 
such as perforation or hemorrhage. In 
1923 Lee et al. reported a case with 
ulceration and perforation already in 
utero. Beattie et al. in 1952 and_Mont- 
crief in 1954 published cases of com- 


plicated ulcers in very young infants, 


intensity was also heard. The secon¢ 
heart sound over the base was single ang 
accentuated. Peripheral pulses wep, 
normal. The electrocardiographic trae. 
ings showed signs of atrial enlargemen; 


and combined ventricular hypertrophy, 


Heart rate 150/min. Roentgenological 


. se - * 7 * — ath - 
where perforation and gaStro=rnrtestiral 


hemorrhage were successfully treated 
with surgery. 

The peptic ulcer in the new-born in- 
fant, through its lack of tendency to 
scarring and the high incidence of 
gastro-intestinal hemorrhage connected 
with it, is in itself very often a fatal 
disease, and might well be termed “‘acute 
malignant ulcer”. ioe 

The present report deals with a fatal 
gastro-intestinal hemorrhage in an in- 
fant with a complex cardiac malforma- 


tion, which is to our knowledge ,the first 


such association reported in the liteTa-— 


ture. 


CASE REPORT 


A six weeks old girl weighing 2510 ¢ 
at birth was admitted to the hospital on 
account of suspected cardiac malforma- 
tion. She was the product of a normal 
gestation and an uneventful delivery. 
She had failed to thrive and*had had 
attacks of cyanosis, particularly at feed- 
ing time. On admission she was some- 
what undernourished, with a_ body 
weight of 2790 g, and had a pale cyanotic 
color. She had marked shortness of 
breath and signs of right ventricular 
insufficiency. ‘The liver was palpable 4—5 
cm below the costal margin. There were 
no signs of peripheral edema. ‘Fhere was 


a slight systolic thrill over the apex, 


where a systolic murmur of fifth degree 


#e eee — & © = 


“€xamination olf the chest * showed’; 
generally enlarged heart with increased 
vessel markings in the pulmonary fields. 
indicating left-to-right shunt. The rela. 
tively marked narrowness of the outflow- 
tract suggested transposition of the great 

The 


digitalis, diuretics and oxygen, and there 


vessels. child was treated with 
was" a temporary improvement. The 
general state of the child was, however. 
very labile, with frequent periods of pro- 
nounced cyanosis and respiratory dis- 
tress. In spite of treatment, the genera’ 
condition of the child deteriorated and 
signs of marked pulmonary stasis were 
The 


showed an 


noticed. roentgen examination 


increasing heart size. In 
order to decrease the child’s demand for 
oxygen, the rectal body temperature was 
reduced to 34°C. by administration ol 
cooled oxygen to the incubator. This 
latter therapeutic measure improved the 
general state of the child temporarily. 
but on the 30th day of life, after having 
had tarry and sticky stools for two’ days. 
the child expired in a state of marke¢ 
cardiopulmonary insufficiency. The post 
mortem examination revealed pulmo- 
nary stasis with-4sasal edema and minor 
hemorrhagic areas in both lungs. The 
heart weighed 68 g and had a marked 
enlargement of all four cavities. The 
thickness of the left ventricle wall was 
10 mm and that of the right 8—° nim. 


There was complete transposition of ‘the 
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perforatian-im“hewborn infant. A.M.A. Am. 
SJ? Dis. Child., 57: 596, 1939. 


tionship between the two phenomena. 
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a gastro-intestinal ulcer. It is well known 
that hemoconcentration occurs also i 
cyanotic heart lesions, and this pheno- 
menon may thus be considered a poten- 
tial etiologic factor. Also the production 
of visceral venous stasis, as well as long- 
lasting tissue hypoxemia, may concel- 
vably render the intestinal wall extremely 
vulnerable. The ischemic status ofthe 
brain may also have played a major role 


(Cushing, 1932), although no other signs* 


of cerebral dysfunction were present in 
this case. 

The increased antithrombin activity 
present in cyanosed patients described by 
De Sario in 1957 is well worth men- 
tioning in an explanation of the intense 
gastro-intestinal hemorrhage that de- 
veloped in the case reported. 


SUMMARY 


A report is given of a case of congenital heart 
disease and bleeding peptic ulcer coexisting in 
the neonatal period. To our knowledge this is 
the first such report in the literature. The relevant 
literature is reviewed and several explanations 


7 . . 
are presented to indicate more than casual rela- 


emp 
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Days after operation 


Fic. |. The postoperative reaction to partial renal resection following clamping of the pedicle for 18 _ 
urea urine; 


min.. 11 min... and 50 min. ...... diuresis: 


dogs after 2—3 hours of clamping. After 
clamping for | hour two of four dogs died. 

Ischaemia at 5—-17°C in the kidney did not 
provoke fatal uraemia until after 8 hours 
of clamping (A + V) and after 12 hours 
of clamping (A). 

Thus with local cooling of the kidney 
t0 9-17'C the tolerance in respect to 
ischaemia increased about fivefold or 
more, 

Studies of the renal function following 
ischaemia showed that local cooling did 
not change the type of functional depres- 
sion but protected the renal parenchyma 
so eflectively that the renal function was 


enurely restored after 2—4 weeks. 


CLINICAL EXPERIENCE 


Studies of the renal function after par- 


lial esection of the Semb. 


1953 


kidney 
nave shown that there are espe- 
cally two operative factors which may 


ty | ; 
‘Nyure the renal function:, 


plasma. 


(a) Direct local trauma caused by 
manual pressure on and pulling of the 
kidney during operation. This factor can 
be appreciably reduced by employing an 
which allows a 


appropriate incision 


more delicate dissection of the kidney: « "°° ™ 


(b) Ischaemia, by clamping of the 
vessels or manual compression of the 
renal tissue in order to operate in a blood- 
deficient—-field ;~-causes™ 
reaction which depends upon the dura- 
tion of the ischaemia. After 10 minutes 
of clamping there is a moderate reaction, 
after about 20 minutes a distinct and 
fairly serious reaction, and after 50 mi- 
nutes a dangerous uraemia (Fig. |). 

Local cooling of the kidney in order to 
reduce the postoperative reaction may 
be desirable in operations on kidneys 
which have a considerably diminished 


total function and therefore small reser- 


ves. I have tried this on four cases of 


bilateral coral calculus with excellent 


results. 
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e From the University Institute of Experimental Medical Research and Department IT] 
Ulleval Hospital, Oslo, Norway 
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Local Cooling of the Kidriey 


for Protection against Operative Trauma 


6‘ARL SEMB 


It has been found that general cooling, 
as used in brain and heart sufgery, low- 
ers the metabolism, and hence the oxygen 
requirement, of the tissue. General hypo- 
thermia nevertheless has its limitations 
and complications, which reduce its 
clinical uses. The temperature can scar- 
cely be brought below 26—28°C, and with 
falling temperature the risk of complica- 
tions increases. 

Local cooling of individual organs as 
protection against operative trauma has 
been little employed in surgery. With 
this method it is possible to lower the 
temperature of the organ to considerably 
less than 26-28°C while maintaining the 
general temperature of the body or redu- 
cing it only to a minimal extent. In this 
way a more eflective cooling is attained 
and general complications are avoided. 

At the University Institute of Experi- 
mental Medical Research and at Depart- 
ment III, Ulleval Hospital, Oslo, local 
hypothermia of kidney and brain has 
been employed for the past three years 


experimentally and clinically. 


EXPERIMENTAL EXPERIENCE 


Experiments earlier Reported by Bir- 
keland, Vogt, Krog & Semb (1959 
were made on 24 dogs to examine the 
eflect of local cooling down to 5-17 
of a single remaining kidney which was 
at the same time subjected to ischaemia 
by shutting off the blood supply for I-12 
hours. 

The cooling was done with a double 
plastic bag filled with sterile ice and 
placed round the exposed kidney. 

Ischaemia was effected by clamping ol 
renal artery alone (A) or of the rena 
artery and renal vein (A + \),. 

The temperature was continuous 
measured in the kidney tissue and in the 
rectum throughout the experiment. 

The reaction of the renal function alte! 
clamping was followed by tests of clear 
ance for urea, inulin, P.A.H. and Im 
P.A.H. 

These studies (28 experiments on 2+ 
dogs) produced the following results: 

Ischaemia at 37°C in the kidney (A and 


A +V) provoked fatal uraemia in a! 
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Days after operation 


Fig. 4. Functional tests before and after partial resection of the single remaining kidney under hypo- 
thermia, showing minimal reaction. G. W. L. Clamping time, 26 min. ‘Temperature of the kidney 


at the start of resection, 235.4°C. -—— 
urea plasma. 


in the center group of calyces whiich had 
resisted prolonged treatment with anti- 
biotics over a period of 18 months. A 
local resection was made of the central 
eld with the entire pedicle (A+ V) 
clamped for 26 minutes. ‘The kidney was 
cooled down to 23°C during the operation. 
The resection proceeded without special 
complication, and subsequent urography 
revealed the excellent result obtained 
Figs. 2 and 3). Tests of renal function 
delore and after operation showed insig- 
nificant lesions with barely measurable 
diminution of function (Fig. 4). The 
urine was strongly concentrated from 24 
hours onwards following the operation. 
Urea in plasma showed no measurable 
changes in the post-operative period. 
Urea clearance fluctuated between 60 
and 80% of normal, as it did before the 
*peration. Comparing this reaction after 
9peration under hypothermia with the 
reaction which usually follows an opera- 


40n wit hout hypothermia, the difference 


urea clearance: 


urea urine: ciuresis: ...... 


is striking. Follow-up three years later 
showed unchanged function. 

These experiences show that local 
cooling can provide a high degree of 
protection for the renal parenchyma 


against operative trauma. 


SUMMARY 


A method developed for local cooling of the 
kidney without lowering of general body tem- 
perature was used experimentally and clinically. 

Experimentally (total 24 dogs), at a kidney 
temperature of 5-17°C complete renal ischemia 
was tolerated for 7—-12 hours as compared to | 
hour at 37°C. 

Clinically, at ordinary body temperature, 1t 
was shown that clamping of the renal pedicle 
for 10, 20 and 50 minutes during resection re- 
sulted in moderate, fairly serious and dangerous 
impairment of renal function respectively. 

Employing local cooling during operation for 
bilateral coral calculi in four patients yielded 
excellent results. 

Detailed data were presented from one patient 


subjected to partial resection of the one remal- 
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Fic. 2. Urography before and 
after partial resection ol a 
cavity in the central field 
in a single remaining kid- 
ney under local hypo- 
thermia. Left, before par- 
tial resection, Tb+. Right, 
after partial resection, 


Tbh-. % 


hic. 3. Section of kidney 

with tubercular cavity in 

center, 

lhe need is greatest in operation of a 
single remaining kidney, especially when 
clamping of the renal pedicle is required 
lor 15-20 minutes in order to be able 


tO perform satisfactory surgery, 
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A typical case of this kind was a 2° 
year-old man whose right kidney hac 
been removed many years pre\ ious!\ 
owing to tuberculosis. In the remaining 


left kidney there was a tubercular cav! 
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ning. kidney for tuberculosis at a renal tempera- 
ture of 23.4°C during 26 minutes of complete 
pedicle clamping. Following operation no ob- 
vious reduction of renal function was observed. 

The protection against operative trauma af- 
forded by local kidney cooling, and the advan- 


tages over general hypothermia, were stressed. 


C. SEMB 
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